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CONCRETE BRIDGES ON THE ST. LOUIS & SAN FRAN- 
CISCO RY. 

The improvements being made on the line of 
the St. Louis & San Francisco Ry. include the wid- 
ening of the line entering St. Louis, and the re- 
placement of some steel bridges with concrete 
arch bridges in connection with this work. The 
view, Fig. 1, shows a new bridge built at the 
second crossing of the Des Peres River, at Chel- 
tenham, which is a St. Louis suburban station. 
This is a double track structure with four arches 
of 21 ft. span, and bench walls 7 ft. 6 ins. thick. 
The foundations are on 


laid to carry the traffic; the old bridge was then 
removed, and the bridge completed for two addi- 
tional tracks on the original alinement. These 
latter form the main tracks. This work amounted 
to about 5,000 cu. yds. of concrete, and cost ap- 
proximately $4.80 per cu. yd., while the Chelten- 
ham bridge cost about $4.60 per cu. yd. The con- 
crete is made of “chats” or crushed ore from the 
lead mines of sOuthwest Missouri and southeast 
Kansas, which contains a sufficient quantity of 
dust to avoid the necessity of mixing any sand 
with it. This material is considered a very valu- 


ishing the Letters in the Ordinary Way; J. N. Ambler.—A Septic Tank Quan 
dary; F. M. Thomas.—Bids for a Bascule Bridge for the Chicago & Alton R. R.; 
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SOME EXPERIMENTS WITH VENTILATING FANS. 
By D. W. Taylor,* Naval Constructor, U. S. N. 


Rotary fans attached to pipe systems for forced 
or mechanical ventilation were first fitted on 
United States vessels by Ericsson on his monitors. 
They have figured more or less on our naval ves- 
sels ever since, even upon the wooden vessels built 
in the seventies. Until about seven years ago 
steam fans were used. The earliest vessel to 
have a complete outfit of electric fans was the 
“Nashville,” first commissioned in 1897. For five 
years or more all ventilat- 


solid rock. This has taken 
the place of a single- 
track plate girder deck 
bridge having two spans 
of 54 ft. 

The drawing, Fig. 2, 
shows the third crossing 
of the same river at the su- 
burban station of Linden- 
wood. This is a four-track 
structure with three 
arches of 36 ft. span and 
bench walls 15 ft. 6 ins. 
thick. Part of the founda- 
tions are on rock and part 
on piling driven to rock. 
This has taken the place 
of a deck steel structure 
having a _ pin-connected 
central span of 126 ft. and 


ing fans have been electri- 
cally driven. In the earlier 
vessels of the new Navy, 
built between 1885 and 
1890, it was customary to 
fit a few large steam fans 
for ventilating living 


two approach spans of 
66 ft. 

Both these bridges are 
of plain concrete, with- 
out steel reinforcement; the reason given for this 
is that it is found that on this road reinforced 
concrete cannot be used economically, as it re- 
quires a saving of at least 50% of concrete to con- 
struct an arch of reinforced concrete on the same 
conditions as an arch of plain concrete. In build- 
ing the four-track bridge, one half was built first 
(on the north side of the old bridge) and two tracks 


| 


FIG. 1. DOUBLE-TRACK CONCRETE BRIDGE AT CHELTENHAM, MO.; 


FRANCISCO RY. 


able materiai for making concrete, All of the con- 
crete was made in the proportion of 1 part Port- 
land cement to 6 parts of chats. 

The work was done under the direction of Mr. 
Cc. D. Purdon, M. Am. Soc. C. E., Engineer of 
Maintenance of Way; Mr. A. F. Geise is Engineer 
of Bridges and Buildings, and Mr. J. H. Kent was 
engineer in charge of the work. 


Sub Grade 


Half Cross Section. 


Side Elevation. 


spaces, and these were so 
fitted with a system of flap 
valves that they could be 
used either as supply orex- 
haust fans. When such a 
system, after being run ex- 
hausting for some time, 
was changed to supply air, 
it blew into the living 
spaces an astonishing 
amount of dust which had 
accumulated in the pipes. 
At present, while both 
supply and exhaust sys- 
ST. LOUIS & SAN tems are fitted, the ten- 

dency is to rely mainly 

on the former and use the 
latter only for such places as lavatories, water 
closets, dynamo rooms, steering engine rooms, etc. 
Probably under conditions on shipboard a supply 
system requires less power to move a given quan- 
tity of air. A distinct advantage is that with 
single piping fresh air is supplied positively. With 
an exhaust system the air which takes the | place 
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FIG. 2. FOUR-TRACK CONCRETE BRIDGE AT LINDENWOOD, MO.; ST. LOUIS & SAN FRANCISCO RY, 


C. D. Purdon, M. Am. Soc. C. E., Engineer of Maintenance of Way. 
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of that exhausted is not necessarily fresh, unleas 
supply pipes are fitted as well as exhaust. The 
principal practical objection to a supply system 
of ventilation is that in eold weather it is very 
ditficult to avoid unpleasant draughts from it, 
and it is apt to be shut off. In the tropics, how- 
ever, where ventilation is most needed, the cooling 
currents from a supply system are found grateful 
and pleasant. 

At present, using electric power, a great many 
more fans are fitted than was cusiomary when 
steam was used. There are advantages in using 
a number of separate fans. The piping ts simpler 
and fewer holes in watertight decks and bulk- 
heads are required. But with steam power the 
use of a number of small fans would involve a 
network of steam and exhaust pipes which could 
not be considered for a moment. 

Table I. shows the number, size and rated 
power of the electric fans used for ventilating the 
battleship “Missouri.” Later battleships, now 


Brass Tube about 5 Thick 


beginning to obtain results from the fans when 
working under conditions practically the same as 
when in service on board ship. This required that 
each fan should discharge against pressure into a 
pipe somewhere near the size of its outlet and 
that the pressure in the pipe and velocity of the 
air should be determined simultanously with the 
actual power being delivered to the fan. 

A fan with its metor removed and its inlet free 
was connected to a discharge pipe of appropriate 
size and driven through an accurate spring tor- 
sion dynamometer by electric motors of wide 
speed variations and delicate speed control. Two 
motors with Ward-Leonard control were found to 
cover satisfactorily the fan sizes tested, ranging 
from fans absorbing about 10 HP. at 500 revolu- 
tions per minute to little fans taking less than 
1 HP. at more than 2,000 revolutions per minute. 

The dynamometer being used to determine the 
gross work or work delivered to the fan, it was 
necessary to ascertain the net or effective work— 


were used, connected with floating manon 
The manometers were *o arranged tha: 
were zero reading, that is, weights were -; : 
which counterbalanced the pressure insid 
floating manometer so that this pressur. 
weighed, as it were, the manometer, ait! 
free to move vertically, being always br. 
back to one position. 

Fig. 1 shows the type of Pitot tube fina); 
veloped and used in these experiments, It is 
that it consists of a double tube. The co; 
axis is placed parallel to the center line 0: 
pipe. The outer tube has longitudinal slots 
through which the pressure in the flowing cu: 
of air reaches the annular space betwee 
inner and outer tubes. The impact side of 
tube is connected to a manometer and the p: 
sure side to a different manometer. Genera! 
number of Pitot tubes were used across a ¢ 
section of pipe. The manometers used ho 
number of compartments, each tube being 
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FIG. 1. PITOT TUBE FOR DETERMINING VELOCITIES OF AIR ~ 
CURRENTS IN VENTILATING PIPES. 


building, have very similar plants. On the “Mis- 
souri”’ the total rated horse power of ventilating 
fan motors reaches the respectable total of 87, 
and many of these motors run nearly twenty-four 
hours a day for weeks at a time. The motors are 
required to show the highest efficiency commer- 
cially obtainable, but until experiments which 
have now been in progress some two years at the 
Model Basin were undertaken, very little was 
known of the actual efficiencies of the fans on the 
market. The Bureau of Construction and Repair 
concluded to investigate this question, and the 
work has been carried on at the Experimental 
Model Basin as opportunity permitted, under the 
direction of the writer. 

The solution of the problem of supplying a 
compartment or number of compartments on a 
ship with fresh air requires the solution of two 
interdependent problems, which may be stated as 
below: 

(1) Given a properly designed system of piping 
and outlets, with what maintained pressure at the 
fan outlet will this system deliver the required 
quantity of air? 

(2) What fan will deliver at its outlet the re- 
quired quantity of air and maintain the required 
pressure with the minimum expenditure of power? 

The experiments made have dealt mainly with 
the second problem. It was determined in the 


TABLE I.—Sizes, Capacities, etc., of Fixed Ventilating Fans on U. 8. S. “‘ Missouri.’”’ 


Longitudinal! Section. 


its ratio to the gross work being the efficiency 01 
the fan. Now the effective work done in deliver- 
ing a quantity of air to a pipe at a given velocity 
and pressure is made up of three components: 

(a) The work done in forcing the volume of air 
into the pipe against pressure. 

(b) The kinetic energy of the air, due to the 
velocity with which it passes into the pipe. 


(c) The work done upon the air in compressing 
it from the atmospheric pressure at which it ap- 
proaches thé fan to the pressure at which it 
passes into the pipe. 


The latter component is too small to be con- 
sidered in ordinary ventilation work. For a pres- 
sure of 21 Ibs. per sq. ft, or 2 1-3 oz. per sq. in., 
this work of compression is only 1-3 of 1% of the 
work of discharge against pressure alone. But 
this pressure is far above the pressures used tn 
ventilation work, for which the work of compres- 
sion is clearly negligible compared with the sum of 
the work of discharge against pressure and the 
kinetic energy. 

For ventilation work and particularly for test- 
ing ventilation fans, it is more convenient to 
measure air pressures in pounds per square foot 
than in inches of water or ounces per square inch. 

For the purpose of determining velocity and 
pressure in the discharge pipe of a fan, Pitot tubes 


3 2 ec $35 
Nature of work to be done by fan. 
Zz aS. ses ate 

1 Supply to quarters and store rooms—forward......70-in. steel plate. ..24% x 224, 577 10,300 73,328 8 

2 Supply to forward magazines 2 ...15% 21384 900 8,760 23,3038 8 

3 .. x 13% 900 3,760 23,308 38 

4 Supply to dynamo roome.............. 2456 21% 10,300 5,944 8 

5 24% x 21% 577 10,300 5,944 8 

6 Exhaust from hoods oVer dynamo engines ll-in. diam. 1,275 1.5 

8 Supply to passages and wash rooms amidships. .. 1,275 8,390 1.5 

12. Exhaust from passages and wash rooms amidships.No,. 6 ‘ ad .14-in 1,150 ~ 2,150 15,260 2.5 
13 No.6 * -14-in. 1,150 2,150 15,260 2.5 
14 Supply to berth deck with casemate aft............ No. 4 " ” a * 1,750 69 7,263 0.75 
15 es os No.3 “ 1,750 695 7,263 0.75 
16 Supply to evaporator room.... 1,750 695 1,820 0.75 
17 ...No. 1,750 695 1,820 0.75 
18 Supply to engine room... -80-in. steel plate...28 x 231, 506 13,200 22,845 10 
19 “ 28% 506 3,2 22,845 10 
20 to magazines—aft. . . .No, shell ....14-in.diam. 1,150 2,150 18,209 2.5 
22. =©Supply to steering engine rooms and store rooms..No. 5 steel plate...144% x 14 3808 4,520 27,000 3.5 
28 Exhaust from steering engine room................ 60-in. “ 675 6,520 29,000 5 
to es 50-in. “ « ...145 214 808 4,520 32,127 3.5 
25 Exhaust from officers’ water closets................ No. 3 cast shell .... 8-in. diam. 1,750 695 1,152 0.75 
26 «Exhaust from crew's water closets................. No.3 i. 1,750 695 4, 0.75 
27 Supply to ready service No.0 2,200 195 0.25 

31 “ No.0 2,200 195 675 0.25 


Cross Section 


FIG. 5. SECTION OF PIPE USED IN MEASURING FRICTIO: 


OF AIR. 


nected to one compartment, thus the results we): 
averaged mechanically by the manometers. }:\ 
periment shows that the results thus obtaine: 
were probably more aceurate than when using 
separate tubes and plotting the curves of dis 
charge upon diameter of pipe, etc. 

The Pitot tube has been more or less discredii+ | 
in the past as an appliance for measuring the 
velocity of fluids, many having maintained that 
the theoretical formula is inaccurate. AS a 
matter of fact, the difficulty has been with the type 
of tube. As regards the impact portion of the 
tube, there is no difficulty. Experiments, nota 
bly those by Mr. W. M. White, described in 4 
paper read before the Louisiana Engineering So. 
ciety in May, 1901, entitled ‘“‘The Pitot Tube—!ts 
Formula,” demonstrated conclusively that fo: 
water, considering the impact side of the tube 
only, the theoretical formula is practically exact 
As regards the pressure side, it is necessary to 
communicate the pressure in the moving current 
of air to the air at rest within the tube. This ob 
viously can be best done by having a tube of such 
shape and proportions as to disturb as little as 
possible the natural pressure in the moving cur- 
rent, and to maintain as long as possible contac! 
between the moving current and the air at res! 
within the tube. Pitot tubes in which the pres- 
sure openings consist of small round holes must 
be necessarily inaccurate, as the aspiration ef- 
fect of a current moving across such an openin: 
is large and irregular. Experiments in currents 
of air with such Pitot tubes as are shown in Fig. ! 
show no aspiration effect. Prof. A. F. Zahm, 0! 
the Catholic University in Washington, has ex 
perimented in air with tubes of the type devise! 
by me and compared the results obtained from 
the Pitot tube with practically exact results ob 
tained independently. He found the Pitot tub: 
results agreed very closely indeed with the results 
of the accurate independent observations, an! 
there seems no doubt that a properly shaped Pito' 
tube is a very accurate appliance for measurins 
velocity and pressure of moving air. It may b 
pointed out in passing that the principle of th 
Venturi meter, so well known for measuring th 
flow of water, is essentially the same as that o 
the Pitot tube. 

In the beginning of the experiments a single 
Pitot tube was use4, shifted about to various 
points in the pipe section. This was found to b 
too slow, and a number of Pitot tubes were placed 
in the pipe. A convenient number to use is 15 or 
9. That gives one in the center and three or two 
in each quadrant of a rectangular pipe. In 4 
circular pipe the number makes no difference, ani 
the majority of tests weré made with 10 tubes 
so scattered over the section that each tube ws 
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ring containing one-tenth the area of the 


. Pitot tubes were made up permanently 

4 section of pipe which was inserted in the 
. . ag close as possible to the fan. It was found 
could be readily placed within eight or 
1 diameters of the pipe from the fan outlet 
: vit the turbulence of the air appreciably af- 
“ » the results. The results of observations 
a -orrected for the friction head necessiry to 
vd me the length of pipe between the fan cut 
, 4 the Pitot tubes, the object being to obtain 
co +s corresponding as nearly as might be to the 
f itlet. 

e trials must be made under various con- 
ai s of temperature and air pressure, the varia- 
in which must necessarily effect the results, 
it obviously desirable to reduce all results ts 
st rd conditions. These standard conditions 
.ssumed to be with air at a Fahrenheit tem- 
pernture of 70°, a barometer height of 30 ins., 
a numidity of 70%, corresponding to a wet bulb 
temperature of 63.5° F. Under these conditions a 
cubic foot of air weighs .07465 Ib. It was further 
assumed that the volume of air delivered did not 
vary with the density if the revolutions were un- 
changed, but that the power absorbed varied di- 
rectly as the density and the resulting pressure 
directly as the density, the efficiency remaining 
unchanged. These assumptions can not be much 
in error, and, the corrections to reduce to standard 
conditions being small in any case, the standard 
condition results are substantially as accurate as 
the original experimental results. 


In testing a fan it was run at a number of dif- 
ferent revolutions, and at each speed of revolution 
the pressure in the pipe was varied so that the 
fan was tested throughout the whole range of 
conditions which it might ever encounter in prac- 
tice. The final results after all calculations are 
plotted into characteristic curves. Typical char- 
acteristic curves are shown in Figs. 2, 3, and 4. 
It is seen that contour curves of efficiency, horse 
power absorbed and pressure in discharge pipe 
are plotted upon the prime variables of revolu- 
tions per minute and cubic feet of air delivered 
per minute. These characteristic curves show 
just what amount of air a fan will deliver at a 
given number of revolutions against a given pres- 
sure, also the power it will 
absorb in doing this and its 
efficiency. Thus they supply 
complete information as to 
the working of the fan un- 
der any possible conditions. 
The comparative data of 
the fans whose character- 
istic curves are given in 
Figs. 2, 3 and 4 are given 
below. 


7; 


Curves 

of A B Cc db 
Fig. 2 5‘, in 4°% in. 4, in. 57, in 
Fig. 3 7 in. 6 in. in. in. 
Fig. 4 7 in. 5 in. 4 in. 74g in 


not differ much in type. It is seen that their char- 


ventilation fans in practice are working at an 
efficiency probably ranging from 50% to 33 1-3%. 
This condition of affairs can not be regarded as 
satisfactory, and there is great need for a fan 
which will show an efficiency of 70% or more 
when discharging against a pressure of about b 
Ibs. to the square foot, or 1 in. of water. 

There are several formulae of interest in con- 
nection with the working of fans. The well- 
known law of similitude connecting the working 
of similar fans of varying dimensions gives the 
relation between revolutions, power, etc., when 
proceeding from a small fan to a large fan ex- 
actly similar. For instance, if we have a fan 
which is n times 4s large as a small fan, then the 
following formulae apply, capital letters referting 
to the large fan, small letters to the small fan: 

r 
R 


, Revolutions per minute, 
Vn 

T= n‘t, Torque, 

I=in*-*, Power. 

1==In**’, Delivery, 


V=vVn, Velocity, 
P=pn, Pressure. 


Comparative Dimensions of Three Cast Shell Fans. 


Diam. Diam. 


Diam. No. of 
E Impell'r. Outlet, Inlet Blades. 
2 in 21 in. in, 114 in 6 
1‘, in 22 in. 11 in. 10 in. 5 
3 in. 10%) in. 


10°, in 


of a given fan against a known pressure. 


This 
can be expressed by the following formula: 
Dt Ww? 22630000 
L? = Cc; Cy ») 
1000000 D? 


Where L denotes delivery of the fan in cubic feet 
per minute, D denotes diameter of the fan im- 
peller in inches, W denotes width of the blade 
tips in inches, R denotes revolutions per minute 
of the fan, and p denotes pressure against which 
the fan is working in pounds per square foot. 
Ci and Cz are coefficients which vary from fan to 
fan. Cs, or the pressure coefficient, varies but 
little for 6 or 8-bladed fans with little or no curve 
to the blade, of ordinary commercial type. Its 
value for such fans ranges from about 1.6 to 
about 1.85, a fair average value being not far 
from 1.7. Ci, or the delivery coefficient, varies 
somewhat radically from fan to fan, and is dif- 
ficult to reduce to formula. Analysis of a num- 
ber of characteristic curves showed that the re- 
gion of maximum efficiency was found at deliver- 
ies for which the radial air velocity at the tips of 
the blades varied from 544% to 8%% of the cir- 
cumferential velocity of the blade tips. 
Although characteristic curves of delivery, etc., 
are all we need know about the fans, for their 
proper application, we need to know for a given 
case the pressure in the pipe required to maintain 


2600 acteristic curves are essen- 
tially similar in general 
features, but the maximum 

2400 efficiencies shown are very 
different. There is no ob- 
2200 vious reason for the wide 
variation of efficiency, but 
compared with centrifugal 
= pumps, for which an ef- 
$1600 ficiency of 80 per cent. is 
claimed, it is evident 

§ 1600 that efficiency of 

~ all these fans is very 

+ 1400 low. Some 40 character- 

2 istic curves of fans have 

!200 been determined by the 

3 experiments at the Model 

3 1900 Basin, and it is found 

RQ that very few fans indeed 

800 reach a maximum ef- 

2 ficiency as great at 69 per 

8 600 cent. Since in ordinary 
working a fan can not be 

400 r expected to be under the 
ry conditions corresponding to 
200 the very maximum ef- 
s ficiency, it is safe to say, 
N speaking generally, that 
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Fig. 3. 11-in. Outlet. 
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per Minute. 
10%4-in. Outlet. 


FIGS. 2, 3, 4. CHARACTERISTIC CURVES OF FANS WITH CAST SHELLS. 
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the required discharge. Some preliminary ex- 
periments have been made in this connection in 
order to test the friction of air in plain cylindrical 
pipes, Since air varies greatly in density with 
the variations of the barometer and thermometer, 
it appears advisable to express its frictional co- 
efficient by a quantity which changes but little, 
if any, with changes of variation of density. So 


000) 
11,000}-—+ 
10,000) + --— + 
+ 4 
+ 
| 
7000} + } 4+ + 
| 
| 
2 / | 
6000 


as already defined, was practically constant in 
each case through the range of speed experi- 
mented with, and the values for the different size 
of pipe were as below: 

Diameter of 


0000) 
.0001030 

It is seen that the values of the frictional coef- 
ficient vary but little with size of pipe. Sizes 
tested have a uniform coefficient of practically 
.000082, except the 27-in. pipe and the 15-in. pipe. 
The greater friction of the former is probably due 
to the fact that it was found almost impossible to 
erect sections of this pipe smooth, straight and 
round, the thickness of the metal being rather 
small for a pipe of this size. It was obvious after 
erection that its condition as regards friction was 
inferior to that of the other pipes. The low fric- 
tion of the 15-in. pipe was probably due to super- 
for alinement. 

These experiments appear consistent with the 
following conclusions: 

(1) The coefficient of friction does not change 
with the velocity of the air for velocities up to 
6,000 ft. per minute. 

(2) The coefficient of friction does not change 
with size of pipe, at least up to sizes three or four 
square feet in sectional area. 

(3) The friotion varies as the square of the 
velocity of air through the pipe. 

(4) The coefficient of friction for pipes of the 
best workmanship in the 


Delivery, 


best condition is as low 
as .00008. 

The published tables of 
the B. F. Sturtevant Co. 


on the friction in pipes 
correspond to a constant 


coefficient of .0001 instead 
of .00008, assuming that for 


: the Sturtevant tables the 
- air weighs .075 Ib. per cu. ft. 
While the coefficient .0001 
is 25 per cent. greater than 
what can be obtained in 
pipes of the best workman- 


Revolutions per 


Minute. 


m0 wo Ship in the best condition, 
it does not appear to be an 


FIG. 6. RELATION BETWEEN REVOLUTIONS OF FAN AND DELIVERY Unreasonable value to 


OF PIPES ON VENTILATION SYSTEM OF BATTLESHIP “Missouri.” 


let fw denote the frictional resistance in pounds 
of one square foot of surface to air moving over 
the surface with a velocity of one foot per second, 
where f is the frictional coefficient of the air and 
w the weight in pounds of a cubic foot of it. 
Careful experiments were made to determine this 
coefficient and the laws governing its variation 
in pipes of 6, 9, 12, 15, 20 and 27 inches in diam- 
eter, of circular section, constructed as indicated 
in Fig. 5, of galvanized steel No. 22, U. S. stand- 
ard gage. The pipes were not soldered or riveted 
in place, as they had to be put up and taken down 
repeatedly in connection with tests of various 
sizes of fans, but before the friction tests the 
pieces of each size of pipe were carefully trued. 
When erected they were alined as straight as pos- 
sible and the joints at the laps wound outside 
with adhesive tape to prevent air leakage. While 
the pipes tested were perhaps not quite as smooth 
as permanent pipes constructed in the best man- 
ner, I think their condition as regards friction 
was fully as good as that of the average sheet 
metal ventilation pipe, except for the largest pipe, 
which was difficult to adjust. Each size of pipe 
was connected with a fan which forced air 
through it up to a velocity in the vicinity of 100 
ft. per second, except in the case of the largest 


pipe, through which the largest fan available- 


could give a maximum velocity of only about 80 
ft. per second. Careful measurements were made 
of the velocity and pressure near the fan and also 
at a point 73 ft. further down the pipe. From the 
difference in pressure at the two sections 73 ft. 
apart, the pressure head equivalent to the fric- 
tion of this interval of the pipe was readily cal- 
culated. It was found that for the pipes tested 
the friction varied practically exactly as the 
square of the speed. The frictional coefficient f, 


working pur- 
poses. 

If we take a fan discharging into a given sys- 
tem of piping, it can be shown theoretically that 
if the formula 

Dt Ww? 22630000 

1000000 
is correct, and all pipe resistances vary as the 
square of velocity of ihe air, then the discharge 
thicugh the system is directly proportional to the 
revolutions of the fan. In practice it was found 
by experiments with the ventilating system of 
the “Missouri” that the discharge was propor- 
tional to the revolutions of the fan. Fig. 6 shows 
on one diagram curves of fan revolutions and de- 
livery in cubic feet per minute plotted from ob- 
servations on a number of the ventilation sys- 
tems of the “Missouri.’”” These were tested with 
all outlets wide open and the spots obtained by 
experiments are all indicated on the diagram, 
Curves of delivery and revolutions are shown as 
lines radiating from the origin, the solid part of 
each line extending over the range covered by the 
experiments. It is evident that the straight lines 
properly represent the observed facts, and that 
for the “Missouri” systems experimentei with, 
which were large and small, some supply anid 
some exhaust, the quantity of air moved may be 
regarded in each case as directly rroportisnal to 
the revolutions of the fan. 

This being the case, it follows that the net 
work put into the air by a fan delivering air into 
a given system of piping, varies directly as the 
cube of the revolutions of the fan, or as the cube 
of the quantity of air delivered. If, as air deliv- 
ery varied, the efficiency of the fan and the ef- 
ficiency of the motor remained unchanged, it 
would follow that the power absorbed by an elec- 
tric motor in driving a fan attached to a given 


= 


system of piping would vary as the cube 
revolutions of the motor. Since in pract: 
efficiency of fan and motor vary with the « 
the above relation will not hold for wid. 
tions of delivery, but for moderate varia:; 
may expect to find the total electrical jo 
quired varying very approximately as the 
the revolutions of the fan, or the , ¢ 
the air delivery. Owing to the nature of ; 
efficiency curves the variation of fan ef 
with revolutions is not likely to be great ¢. 
ticable changes of revolutions, so it seems 
assume in dealing with such problems +) 
power delivered to the fan from the m 
moving air through a given system of pip 
ries throughout a fairly wide range dir: 
the cube of the revolutions of the fan or 
cube of the quantity of air moved. 

It is of interest in this connection to + 
nature of pipes for constant pressure, If + 
a pipe main with no outlets and wish to h-: 
pressure quite the same at each end, it jc 
sary to increase the area of the pipe in the 
tion of the flow of the air in order. by c} 
the velocity of flow, to make up for the } 
pressure due to friction. In the case of ro 
square pipes, if do denote the diameter of ; at 
the fan, d its diameter at a distance x fro. ‘ha 
fan, d and x being measured in feet. while © “o- 
notes acceleration due to gravity and f is ‘} 
coefficient of friction of pine, we have for 2 «=: 
ply pipe of constant pressure 

d= do+2gfx, 
and for an exhaust pipe, 

d = do — 2gfx. 
These are conical pipes, and, if the coeffelent of 
friction ts .QNNNS, the taner necessary corresponts 
to an Increase of 1 In. in diameter to every 16 ¢t. 
of length. If the coefficient f is .0001, the incre ee 
should be 1 In. in diameter for everv 1% ft of 
length. Incidentally it may be pointed out that 
for pines of uniform pressure passing the came 
quantity of air, and of the same length, the sun- 
ply pine will waste much less power In friction 
than the exhaust pine, since. to obtain uniform 
pressure for the exhaust pipe, the area of pipe 
decreases and velocity of flow increases as we 
leave the fan, while for a supply pipe the are. of 
pipe increaseS and velocity of flow decreases as 
we leave the fan. 


p- 


A NEW SYSTEM OF CHANGING WATER IN LOCOMOTIVE 
BOILERS.* 


By A. R. Raymer.t 

At the roundhouee of the Pittsburg & Lake Erie Ry 
at McKees Rocks, Pa., a plant has been in successfu! op- 
eration since November. 1903. by which the foul water {s 
removed from locomotive boilers, the heat is saved and 
used in heating the water for refilling, and the holler is 
refiliel with water having a temperature of abo 
F.; tbe whole operation requiring from 20 to 35 minutes, 
depending on the size of the boiler. If the condition of 
the befler at the commencement of the operation showed 
steam pressure of 10€ to 125 Ibs. per eq. in., and if the 
fire were ‘“‘banked,"’ which is desirable, the steam pres- 
sure during ‘the rrocecs will net have fallen below shout 
75 Ybs. per sq. in. This water change is made without 
allowing any stezm to escape in the atmosnvhere, anc also 
without dischergirg any water on the floor of the ound 
henee or into the pits. While this work is being ‘ore 
the temperature changes in the bofler are very Ueht, 
being not more than 30° (say from 350° F. to 320° F.) 

The condition of the water on the P. & L. E. Ry. 1s 
such that it is necessary to remove the plugs for wash'ng 
only once in from 20 to 45 days; during this time the wa- 
ter is changed whenever necessary, or on an average of 
about once each five days. 

The benefits resulting from the use of treated water, ‘0 
comparison with the conditions existing when the locomo- 
tive feed water was used in the raw condition as punied 
from the rivers are clearly shown by a few facts te\en 
from the records. Comparing results in August 1'"'2, 
with those of August, 1904: Raw water having been 1-01 
during the former, and treated water during the !0''er 
period. A. The number of trains given up on the © ad 
on account of leaking boilers during August, 1902, was 27 
while the number given up for the same cause in 4)- 
gust, 1904, wag two. B. The number of trains that ha‘ ‘0 
reduce the loading, by setting off cars, on account of 
boilers leaking, during August, 1902, was 13, while ‘or 
August, 1904, none needed to do this. ©. The number °f 


*From a paper presented at the October meeting of °° 
Western Railway Club, 
tAssistant Chief Engineer, Pittsburg & Lake Erie | 

Pittsburg, Pa. 4 
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igh traine, during August, 1902, with delays of one 
or more, that had locomotives changed at McKees 
-s, on account of boilers leaking, was 31; while the 
sponding number for August, 1904, was only three. 
use of the plant here described, locomotives requir- 
« change of water, have their fires cleaned in usual 
and are sent to roundhouse preferably with fires 
ed and steam pressure at about 100 to 125 lbs. Blow 
scka have been placed in the left side of the firebox 
the bottom. An overhead 2%-in. blow-off pipe is 
ed between engine pits, with a pipe coupling located 
+ 6% ft. above the floor opposite the blow-off cock in 
+. when the locomotive is in proper condition in 
dhouse. The other end of the blow-off pipe connects 
, a manifold on the wall of roundhouse. A flexible 
. with necessary joints, gage, drip cock, and exten- 
pipes for reaching blow-off cocks, when located in 
ot of boilers, is mounted on a light truck for conven- 


pressure can be held as long as may be desired. As this 
test pressure is on the manifold it and the flexible piping 
up to blow-off cock, are tested each time test pressure 
is used. 

The accompanying cut shows a diagrammatic view 
of the whole plant. The blow-off pipe B attached to blow- 
off cock A conveys water and steam from boilers to blow- 
off tank T; which tank is closed and furnished with a 
pipe B to convey steam to condenser F, and if in excess 
to ‘the atmosphere there will, therefore, be atmospheric 
pressure in the blow-off tank T; consequently the super- 
heated water and steam blown from the boilers will im- 
mediately on arrival at blow-off tank drop to a tempera- 
ture of 212° and all heat above that amount will pass in 
form of steam through pipe E to condenser. A hot-well 
is located near, and below the condenser; it is kept full 
of pure water from the supply by means of a float valve 
G. This supply water for hot well flows through a coil 


twenty days of the great manufacturing centers of 
Europe. 


Yet to-day there is, in the hinterland of the British 
colony of Lagos, West Africa, not more than three days’ 
journey from the coast, a small village whose inhabitants 
have been engaged in the extraction of iron for genera- 
tions past, and where the methods are the same, prob- 
ably, as those practiced by the earliest workers in this 
metal. There is no suspicion throughout the whole of this 
small community of any modern improvements, and 
there is nothing to suggest in the character of their im- 
plements or appliances that they have been in any way 
influenced by suggestions from the outside world, 


The people follow the habits of a life which, measured 
by our standard, would be termed savage, yet the ex- 
istence of an industry such as herein described removes 
from them this stigma, They are simple and unsophisti- 
cated, but they practice an art which is unknown to the 


Water 90/bs -60°F 


DIAGRAM OF PIPING SYSTEM 


fence of operation. This truck is placed in position op- 
posite the blow-off cock, and connected therewith, and 
also with the blow-off pipe overhead, after which the 
valves are opened and the water in the boiler is forced 
out by the steam pressure in 10 to 20 minutes. When 
water is all blown from boiler the blow-off valve in the 
manifold is closed and the ‘‘superheated’’ water (at tem- 
perature of 30U° F. and with pressure of 125 lbs.), valve 
is opened in same manifold and the boiler is quickly re- 
filled with this pure water forced into the boiler through 
the blow-off cock, after which the valves are closed and 
the flexible pipe truck is disconnected and removed. Dur- 
ing this process there remained in the boiler a steam 
pressure of about 75 Ibs. after foul water was fully re- 
moved; the pure water is forced in against this pressure. 

It bas been found desirable to have the manifolds in- 
clude the following service pipes: 1, Live steam, at about 
100 Ibs.; 2, blow-off pipe; 3, superheated water, at a tem- 
perature of about 3uu° F. and with pressure of about 125 
lbs.; 4, hot water, at a temperature of about 2u0° F., that 
is the hot well temperature, and with a pressure of about 
125 Ibs.; 5, cold water, at supply temperature, say about 
50° F., and at about ¥0O lbs. pressure; 6, test water, at sup- 
ply temperature and at any desired pressure up to 2u0 
ibe. 

Live steam is used for heating empty cold boilers, which 
can be safely done, in about 10 minutes’ time, in which 
time the temperature is changed from cold conditions up 
to about 300° F. The action of the steam on the empty 
boiler shell is uniform throughout its mass; it conse- 
quently causes no unequal expansion, and therefore no 
bad results. Live eteam is also used for increasing the 
temperature and pressure in a boiler full of water and 
under low steam pressure. 

The blow-off pipe from the manifold is used to convey 
blown off water and steam to the blow-off tank—described 
later. 

The superheated water is used for refilling boilers when 
water is changed for filling empty boilers after they have 
been ‘“‘warmed up’”’ by use of live steam. 

Hot water is ueed for filling boilers ‘‘whistle full’’ when 
hydrostatic test is to be applied by ‘‘test water’’ at 
proper pressure; hot water is also used to cool down 
boiler shells quickly and safely. Say a boiler has 100 
ibs. steam and it is desired to have it empty and cool as 
quickly as possible, the water is blown out of the boiler 
and the steam is allowed to follow until the pressure is 
not more than 10 to 15 lbs. (The temperature of the 
metal will still be up to about 300°.) The valves are 
then changed and “‘hot water” is forced in, which cools 
the shell gradually, after which cold water can be mixed 
with the hot water for further cooling. Cold water is 
used for removing mud, scale, etc., when necessary, by 
old way of washing. Test water is used as described 
above for making hydrostatic pressure in boiler; this 1s 
furnished by a pump set to the pressure wanted, which 
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in the blow-off tank, thereby extracting considerable heat 
from the foul water left therein, reducing its temperature 
below 212°. 

A centrifugal pump H draws water from the hot well, 
and circulates it through the condenser F and back to 
the hot well, thereby condensing the steam and transfer- 
ring the heat to water in the hot well. The water of con- 
densation also flows from the condenser to the hot well, 
or to the sewer as may be desired. A hot water pump, 
J, is located below the hot well level and draws water 
from it and forces it by pipe K to the hot water valve in 
manifold, and by pipe C through a live steam heater L to 
the ‘‘superheated’’ vaive in manifold. This pump is set 
for constynt pressure of 125 Ibs. and is controlled by a 
steam pressure regulator. The test-pump P is of the 
usual steam pressure regulated type easily adjusted for 
the pressures wanted, up to 300 lbs. per 6q. in. 

Few persons who have not made this work a special 
study will appreciate the amount of heat lost when an 
ordinary locomotive boiler is biown off and no attempt 
made to save it. An ordinary freight locomotive boiler 
will hold about 2,500 gals. of water when in working 
condition. This amount of water when at steam pres- 
sure of 100 Ibs. has in it an amount of available heat 
above 212° F. equal to 2,600,000 B. T. U. and nearly an 
equal amount in the metal of the boiler shell and con- 
nected parte. The amount of heat blown off from a 
boiler of this kind at 100 lbs. pressure will evaporate 
about 2,700 Ibs. of water at 212° F., and this amount of 
heat along with that saved from the foul water is suffi- 
cient to raise the refilling water from an initial tempera- 
ture of say 60° F. up to 200° F. In delivering this re- 
filling water to the boiler at say 300° F. the additional 
heat above that of the hot well, which is at about 200°, 
is furnished by live steam from stationary boilers. 


A WEST AFRICAN SMELTING HOUSE.* 
By C. V. Bellamy,j M. Inst. C. E. 


In these days of advancement, when the manufacture 
of iron from the extraction of the ore through all the 
processes of preparation of smelting, refining and tem- 
pering, until it has reached the condition in which it is 
met with in everyday life, has been made the special 
study of some of the leading men of the day, whether en- 
gineers or physicists; when the great manufacturing firms 
of the Old and the New World vie with each other in 
sending their wares to all parts, and can put them on 
the markets at a price but a trifle above the cost of 
production, it is seldom that smelting works conducted 
after the crude manner of the ancients are met with; 
and it is difficult to realize that such places can still 
have an existence in a part of the world which is within 


*From a paper read at the New York Meeting of the 
Iron and Steel Institute. 
Director of Public Works, Lagos, Africa. 


savage and which places them high above him in the 


social scale, while it entitles them to be considered to 
have reached a higher degree of civilization than many of 
the tribes met with in European countries where the peo- 


ple have been looked upon for many years past as more 
advanced than any of the inhabitants of the Dark Con- 
tinent. 

Although these smelting works are situated within one 
short day’s march of Oyo, the capital of the Yoruba 
country and the seat of the Alaffin or king of that na- 
tion, it is only recently that they have been visited by a 
white man, for the first time, in the person of the Rev. 
Mr. Pinnock, the representative at Oyo of the Baptist 
Missions. It is to this gentleman that the writer is tn- 
debted for the information which led him to visit the 
place in the company of Mr. J. E. Stone, of the Public 
Works Department, Lagos, on Feb. 15, 1004. 

The town of Oyo is situated at a distance of 35 milea 
to the northward of Ibadan, which is the upper terminus 
of the railway, and which may be reached by a journey of 
ten and a half hours in the train from the capital town 
of Lagos; the distance from Lagos to Ibadan ts about 
126 miles. The smelting village is therefore about three 
or three and a half days’ journey from Lagos, which is 
reached by steamers from Liverpool, trading to the west 
coast of Africa, in about seventeen days or less. 

Leaving Oyo and following an ordinary bush path in a 
direction almost due north, a tract of country is crossed 
in which there are very few habitations and where not 
more than two or three farms for the production of cot- 
ton, maize, yams, etc., have been established. 

After a march of about 4% hours, evidences of charcoal- 
burning seemed to point to the proximity of our quest, 
and steps had to be taken to send ahead to warn the 
villagers of our approach and to explain that we desired 
to come in peace and to go in peace; that we sought to 
do them no injury, but to sit down in their village and 
amongst them for a space. We found the people well 
disposed towards us and eager to offer us the hospitalities 
of the bush. 

The community consists of about a hundred or a hun- 
dred and twenty souls, and beyond the cultivation of a 
few acres of provision-grounds for their daily require- 
ments, the whole of them—men, women, and children 
down to the ages of five or six—are occupied in the min- 
ing, smelting, etc., of fron. They have followed this 
avocation, as a separate tribe, apparently for generations, 
though not always in this same neighborhood. The balé, 
or headman, explained that at one time they were located 
to the southward of Oyo, close to the small village of 
Menea, between that town and Ibadan, where there are 
numerous evidences of smelting works to be seen on the 
side of the bridle road joining the two places: but that 
about five years ago, say in 1898 or 1899, they migrated 
to their present location, where the iron ore is of better 
quality and easier to work. 
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The crude ore is mined in a manner strongly suggestive 
of the ancient stream-workings in Devon and Cornwall, 
and elsewhere. In mining parlance it may be described 
as “‘placer;"’ the ferruginous deposit is met with at a 
depth of not more than from 6 to 8 feet below the sur- 
face of the ground, and occurs in a shale which is closely 
associated with the neighboring gneiss rock. 

rhe shale is excavated, with the aid of a rude pick, in 
pieces weighing from 3 to 5 pounds, and is carried to the 


is discarded, and falls to the bottom of the pit, while the 
heavier particles remain in the tray. When this has 
undergone washing sufficiently in the pit, it is set aside 
on the bank for a further and more careful washing by a 
second woman seated on the ground near by. This second 
treatment consists in placing it in another tray and sluic- 
ing it in clear water, and agitating it until the water 
drawn off is clear and free from coloring matter. The ore 
is then deemed ready for the cupola, and the residue of 


to the floor level outside, and the floor or bott:: 
furnace, which is rounded, is about 2 ft. below :) 
The height of the furnace is about 5 ft., ana ; 
is of an elongated egg-shape in section; the ;.. 
rendered smooth with clay. The larger rounde. 
of course, at the bottom, and the sides taper in» 
easy curves toward the flue in the crown of th. 

In the center of the bottom of the cupola is on 
ture about 3 or 4 ins. in diameter, which comn 
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FIG. 1. VIEW SHOWING PROCESS OF WASHING POUNDED IRON 


ORE BY WEST AFRICAN NATIVES. 


(The man standing is the head smelter; the woman in the middle is standing in 
a well, occupied in giving the ore its first washing; the woman seated at the or] 


FOREGROUND. 


is giving the ore its fiaal washing, and at her right hand is seen a heap of wash 


ore.) 


smelting works for treatment. This consists, firstly, in 
roasting it over a fire of green timber. This generally 
takes place at night, the small fires for the purpose being 
lighted up about sunset, and then left to take care of 
themselves until morning, when the ore is ready for 
further treatment. The fires are constructed of about a 
dozen logs of wood, perhaps 6 feet long, and 9 and 10 
inches in girth, piled one above the other, and on the 
top are laid pieces of the crude ore in the condition in 
which it has come from the workings. The quantity of 
ore on each fire hardly exceeds a barrowful. The next 
morning the ore is pulverized in an ordinary wooden 
mortar, such as the natives use for pounding yams, etc., 
with the aid of a pestle of the same material, both 
shaped in the rudest manner. This is done by women 
and children, who seem to take to this work as soon as 
they are strong enough to wield the pounder. 


Fig. 3. Plan of Smelting House with Cupola. 


The poundings are screened until there is nothing re- 
maining in the mortar, the sieve consisting of a native- 
made basket, rather openly woven, and they are then 
borne away to the river-side for the purpose of washing 
or panning. This is carried out by women in the follow- 


ing manner: A hole is dug in the ground about 2 ft.~ 


deep, and about 2% ft. in diameter, and is filled with 
water to within about a foot of the top. Into this one 
of the women descends, provided with a calabash tray 
about 18 ins. in diameter, into which she pours a quan- 
tity of ore poundings sufficient to half-fill the tray. She 
proceeds to wash this by means of a circular oscillating 
motion, which causes the contents of the tray—ore and 
water—to follow a circular course, by means of which 
the lighter, finer, and probably largely organic, matter 


finer material, which is of a rich dark-red hue, and may 
be termed the tailings, is thrown away. The washed 
ore is conveyed to the smelting house and poured into 
the kiln, as occasion may require, in a damp state. 

There are in the village altogether eleven smelting 
houses, and as each is an exact reproduction of the other, 
it will only be necessary to describe one. Each shed 
measures from 25 to 26 ft. in length, by about 16 ft. in 
width, a doorway being provided at each end. The walls 
are built of clay-daub, and vary in height from 4 to 6 ft.; 
they are not carried up to the roof, but a space is left all 
around for light and ventilation. At irregular intervals, 
around the walls, and built in the thickness of the same, 
rough posts are placed to carry the eaves of the roof, 
while the ridge is supported by two other posts planted in 
the interior of the hut, and steadied in each case by a 
rude tie-beam spanning the building from side to side 
at the eaves. From ground level to ridge the height is 
about 25 ft., so that, although the roof is covered with 
a thatching of palm leaves, there is little chance of its 
becoming ignited by the flames from the cupola. These 
smelting houses are, in nearly every case, placed east and 
west along the longer axis, 

The principal feature of the interior is the cupola, which 
stands about the center of the shed. It is built entirely 
of clay in mass, and occupies a circular space, whose 
diameter is from 7 to 7% ft.; the height of the cupola 
from floor level to the crown of the dome is about 3 ft. 
9 ins. On the eastern side and facing one of the doorways 
is the entrance to the cupola, the sill of which is about 
a foot below the floor, and an irregularly-shaped depres- 
sion in the floor, about 4 ft. long and 3 ft. 4 ins. wide, 
is provided to give access to the doorway, and therefore 
to the interior of the cupola. This doorway, the entrance 
to the furnace, occupies about a fourth part of the cir- 
cumference of the cupola, and around the remaining 
three-fourths there are seven rough counterforts, each 
measuring a little less than a foot every way, alternating 
with six openings through the walls of the cupola, each 
about 18 ins. high, and tapering to 6 inches in width; 
the entrance to the cupola, therefore, occupies the width 
required for one counterfort and two openings. The sides, 
top and bottom of each opening slope inwards and down- 
wards towards a point about the center of the base of the 
furnace. 

The dome of the cupola is rounded up on the outside 
slightly and measures about 3 ft. 6 ins. to 3 ft. 9 ins. 
across, and a circular orifice or flue is left in the center 
of the dome about 9 ins. in diameter. A short distance 
below the curve of the dome a rope of twisted 
vines or creepers is passed round the cone and pegged 
down into the clay for the purpose of binding the walls 
securely together and preventing them from cracking and 
opening out, in the same manner in which an iron band 
or strap is applied to the cupolas of more civilized coun- 
tries. 

The interior of the cupola measures in its greatest 
diameter about 2 ft. 6 ins. at a height which corresponds 


FIG. 2. VIEW OF NATIVE SMELTING HOUSE, WEST AFRICA, WITH 
WOODEN MORTAR AND PESTLES FOR POUNDING ORE IN THE 


with a short tunnel below the floor of the shed, to which 
access is had by means of a pit immediately inside the 
western entrance to the shed. On the northern side of 
this tunnel a branch is provided, passing out underneath 
the walls of the shed and communicating with an open 
drain, which is provided for the purpose of carrying off 
any moisture which might accumulate in the tunne! dur- 
ing the rainy season. 

There are two other permanent features of the in- 
terior of the shed, one consisting in a small vertica! oven 
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Fig. 4. Plan and Sections Showing Construction 0! 
Cupola. 


about 2 ft. 6 ins. long and 1 ft. 10 ins. wide by 4 fi © 
height, roofed in and enclosed on all but one of © 
narrow sides. This is employed for firing the eart) - 
ware pipes, each about 2 ft. long and 1% ins. inte’ 

diameter, through whith Ahe dfaft {fs led into © 
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enter of the fire when the cupola is working. The 
-yer fixture is merely an ore bin about 4 ft. 8 ins. long 
4 2 ft. 8 ins. wide, the walls of which are about 9 ins. 
ch. In both cases these fittings are constructed of 
ay-daub, no stone or brick being employed for any 
\rpose connected with the shed or its fittings, and even 
e tunnel is cut in through the soil and has no other 
ipport put that of its own strength, though it has to 
ry some share of the weight of the cupola above its 
ver end. Around the rest of the shed the wall-space is 
cupied with stacks of charcoal, calabashes of flux and 
tal, tools, pestles, and mortars, and a miscellaneous 
ortment of articles. 
rhe process of smelting occupies a period of about 36 
urs. A cupola is charged about daylight of one day, 
4 is drawn off shortly after sunset of the following day. 
e first operation in preparing a cupola for smelting 
sists in closing the six vertical apertures. This con- 
ts in setting in each of the apertures two earthenware 


Fig. 5. View Showing Earthenware Flue Pipes 
Drying in the Sun. 


pipes, one above the other, built around with charcoal, 
inclining downwards towards the center of the bottom of 
the furnace where all the pipes concentrate; the opening is 
then sealed with clay to the thickness of about a couple 
of inches, but the entrance to the furnace is not closed 
until the last moment. On the following morning about 
daylight, or say 5.30 a. m., the actual charging of the 
cupola commences, firstly by closing the orifice in the 
bottom of the furnace which communicates with the tun- 
nel, this being done with the aid of a cone of damp sand, 
roughly shaped with the hand, and forced upwards into 
the orifice, and caulked tightly with the same material. 
Live charcoal is then placed in the center of the cupola 
and the firing started; as soon as this is accomplished 
and the fire properly established, proceedings are taken 
for the closing of the door of the cupola. In this instance 
there are fixed three pairs of earthenware pipes in posi- 
tions corresponding with those fixed in the six vertical 
apertures around the cupola. They are, as in the other 
cases, packed around with charcoal and finally built 
around with a clay seal of a thickness corresponding to 
that adopted in the other cases. 

The result of closing up the openings and of confining 
the inward flow of air to the pipes is immediately appar- 
ent by a brightening of the flame and a more brisk heat. 
It will be seen that there are altogether nine pairs of 
pipes supplying the necessary draft to the fire, and al- 
though they are only rudely shaped by hand around a 
stick, and but partly baked, the average diameter of each 
pipe is about 1.40 ins, This gives a sectional area of, say 
1.54 sq. ins., and as there are in all eighteen pipes sup- 
plying the indraft, and the opening in the crown of the 
cupola is 9 ins. in diameter, the relationship between the 
inflowing current of air and the escape in the dome is in 
the ratio of: 


18 x 1:54 :: 9 x 9x :7854 
== 27.72 :: 63:6174 
== say, :3 :: 7. 


That is to say, that the outlet is 24% times as great as the 
inlet; by this means a description of forced draft is ob- 
tained in a very simple but effectual manner. 

As soon as the fire in the cupola is well established, a 
condition which is quickly fulfilled as soon as the open- 
ings in the lower part are closed, a flux is thrown on to 
the fire through the flue in the crown of the cupola. This 
flux is obtained from the slag or refuse clinker from each 
successive smelting. How it was first obtained the head- 
man of the village was not able to explain, but he stated 
that it increased as time went on, because the yield of 
flux from each smelting was more than sufficient for any 
one subsequent operation. He acknowledged that, with- 
out the aid of the flux, they would not be able to carry 
on their work, and that if, by any misfortune, they be- 
came deprived of all their flux, their industry would 
cease. He further added that when they migrated to their 
present location they brought with them a quantity of 
flux from their former workings. The discovery of this 
important element dates probably many centuries back, 
possibly to the days of the first workers in the metal, and 
is now, unhappily, shrouded in obscurity. It is, however, 
now reproduced at each operation immediately before the 
cupola is opened and the smelted metal drawn out. The 
process of its collection will be better understood when 
an explanation has been given of the treatment of each 


firing; it is perhaps the most important feature of the 
whole process. 

Tt has been explained that a cupola commences to be 
charged at daylight, about 5.30 a. m., and about two 
hours afterwards, when the fire is well alight, a quantity 
of flux, about 5 Ibs. in weight, and about 2 bushels of 
charcoal, are thrown on to the fire. After a further lapse 
of about two hours, or, say, about 9.30 a. m., this flux 
is drawn off througb the aperture in the bottom of the 
hearth communicating wth the tunnel, and a similar 
quantity of flux as before, together with a similar quan- 
tity of charcoal, are added. This makes two charges of flux 
before any smelting is commenced. Again, about two hours 
later, or, say, 11.30 a. m., this flux, the second charge, 
is drawn off, after which the fire is considered to have un- 
dergone sufficient cleaning, and the real operation of 
smelting commences. 

Firstly, about 5 Ibs. of flux is applied, then about 2 
bushels of charcoal, the quantities being the same as in 
the former charges, but immediately afterwards a quan- 
tity of iron ore of the same weight as that of the flux, 


~ say, 5 Ibs., in the washed state, and still moist, is thrown 


into the cupola. 

This operation of feeding the cupola with ore is repeated 
ten times from start to finish, but prior to each charge 
the flux is drawn off in the manner already described, and 
only upon the ninth and tenth, the final charging, and 
also immediately before the cupola is emptied, is the flux 
reckoned of any value for assisting in subsequent smelt- 
ings. These are, therefore, the residue of the eighth, 
ninth, and tenth charges. There are therefore three occa- 
sions during each firing when flux may be collected, and 
it may well be understood that the supply exceeds re- 
quirements. Yet upon each draw-off there is a consid- 
erable quantity of dross which is thrown to spoil, and 
there appears to be a certain amount of judgment required 
to discriminate between what is worthless dross and what 
is serviceable flux. 

The quantity of ore put in at each charge gradually in- 
creases—using the words of the head smelter—from ‘‘the 
third part of a calabash,"’ i. e. about 5 Ibs. in weight, to 
a “full calabash and a half,” or, say, about 25 to 30 Ibs. 
of ore, which maximum is reached upon the eighth charge 
the last three being equal. The precise moment when 
the fire is ready for the reception of each successive lot 
of ore is a matter entirely of judgment and experience, 
but the interval is usually from two to three hours, a 
period of five hours being allowed to elapse between the 
last or tenth charge and the opening of the cupola. The 
only explanation offered in reply to my inquiries was that 
the fire, as seen through the flue, must be white. 

At the appointed time, as as soon as the cupola gives 
indications of being ready to be opened, one of the at- 
tendants descends into the tunnel communicating with 
the bottom of the cupola, and, with the aid of an iron 
pricker, opens out the orifice in the bottom, thus allowing 
the flux to run off. The orifice is kept open and clear 
by means of the pricker until the flux has ceased to run. 
The last of this flux seems to be considered to be the best, 
and is without further examination set aside for use, but 
the first lot of the run-off, which may weigh as much as 
40 Ibs., is set apart for closer examination by daylight. 

Then preparations are made to open the cupola, and, 
with the aid of a wooden crow-bar shod with iron, the 
clay seals over the six apertures are broken up, the earth- 
enware pipes removed and thrown to spoil, and finally 
the doorway of the furnace is opened. The contents of live 
charcoal are raked out through the doorway with the 
aid of a wooden scraper, they are then drenched with 
water, and carried away. Then the smelted metal is re- 


Fig. 7. View Showing Method of Breaking Up the 
Iron Pigs by Means of a Stone Hammer and 
Anvil. 


vealed lying in the bottom of the furnace in a solid cake 
or pig. After a good deal of manoeuvring, and when 
nearly all the charcoal has been withdrawn, a loop of 
green creeper from the forest is thrust in and hooked over 
the cake of metal, and by this means the latter is drawn 
forth out of the cupola, and eventually out of the shed, 
in a red-hot state, and is allowed to cool off until the 
following morning. Subsequently it is broken up into 
convenient sizes and taken to the market, where it is 
bought up by the blacksmiths, who do the necessary pud- 
dling themselves. 

The quantity of ore employed from first to last in charg- 
ing each cupola, taking the figurés very approximately, 


and accepting the evidence of the head smelter, would 
appear to be as follows: 


For the first charge............. about 5 Ibe. 
The weight of each pig of smelted metal as the yield of 
each operation would be, as near as one could judge, be- 


tween 70 and SO Ibs. Taking the average yield at, say, 75 
Ibs., the ratio of metal to crude ore is as 75 : 162 —- 46% 
That is to say, that for every 100 Ibs. of ore thrown 
into the cupola 46 lbs. of metal are produced. The re- 
maining 54% of ore comes away in clinker from which the 
necessary flux for subsequent smeltings is selected, and 
the residue thrown to spoil. 


Fig. 6. View Showing Two Pigs of Iron as They 
Have Come from the Cupola. 

Probably the most remarkable feature in the whole of 
the process is thia use of selected clinker for a flux. This 
may throw light upon what is now frequently a matter 
of doubt—namely, the medium employed by the ancients 
in their smelting operations. 

The head smelter in the course of many conversations 
on the subject showed himself to be extremely intelli- 
gent and both eager and willing to supply any informa- 
tion sought, as well as to show and explain every opera- 
tion as it took place. Amongst other things he said 
that to the best of his knowledge there were no smelting 
works in this part of West Africa, and that, indeed, he 
had never heard of any existing anywhere else. He said 
that they supplied all the markets in the neighborhood, 
mentioning such large centers as Oyo, Ogbomosho, Isse- 
yin, Ibadan, and down as far south as Ijebu Ode, an ex- 
tent of country covering some hundreds of square miles. 

As has already been indicated, the pig iron, after it has 
cooled down sufficiently, is broken up into convenient 
lumps for the purposes of sale or barter, and beyond this 
undergoes no change whatever from the time it leaves the 
cupola to the time it reaches the smith’s shop where the 
puddling is done. In order to witness this part of the 
work a visit was paid to a smithy in the town of Oyo on 
our return thither, and here again everything was of the 
most primitive character. 

The bellows consisted of a pair of circular wooden bowls 
about a foot in diameter, connected by an air passage 
constructed of the same, from which two wooden pipes, 
to do duty for the tue-iron, lead to the hearth; over the 
top of each bowl is loosely secured an ‘undressed goat-skin, 
to which is fastened in the center of the bowl a long bam- 
boo rod, one of which is held in each hand. The skin 1s 
very slack, and by raising and lowering the reds aiter- 
nately a more or less continuous current of air is sup- 
plied to the hearth. There is no inlet valve to these bel- 
lows, and the air supply enters by the wooden tue-pipes, 
a space being left between the hearth stone and the 
nozzles for the purpose; the bellows and hearth rest upon 
the ground. 

The other fittings of the smithy were of a similarly 
primitive character. For heavier work a large smcoth, 
undressed and water-worn stone does duty for au anvil, 
but for smaller work another anvil is provided like a sil- 
versmith’s, made of metal produced locally. The ham- 
mers look at first sight like so many rude lumps of iron 
roughly handled with the same, but a closer inspection 
shows them to be systematically shaped and diamond- 
wise in section so as to expose a flat or a straight pane 
by a single turn of the wrist; it is of an ingenious pat- 
tern. 

‘With such simple means as these the smith puddles the 
iron which is smelted after the manner already explained. 
To put this to the test, a piece of the rough metal as it 
had come from the smelting works was selected from 
the odds and ends in the smithy and handed over to the 
smith with instructions to puddle it up and shape off one 
end leaving the other rough and untouched. This he did 
without any hesitation or further preparation in the space 
of a few minutes, the only precaution taken being to warn 
the bellows man to blow gently at firet and to accelerate 
the speed as the metgl became hotter. The results were 
satisfactory as well as instructive, and the specimen was 
brought away to join the others which had been collected 
at the smelting house. > 
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Getting into conversation with the smith, he explained 
that all the metal he used came from the smelting works 
which we had just visited, at Ola-igbi; there was no reg- 
ular price paid for it as there is no standard of weights 
and measures in the country, but it is exposed for sale 
in little heaps; this for threepence, that for sixpence, and 
s0 on. He could not give any idea of the market value of 
the metal, but of this some notion had been gained at 
the smelting works where, as we stood to witness the pig 
being drawn out of the kiln, we were told that the yield 
was good and would fetch about ten shillings. We judged 
that the weight was about 60 lbs., at which rate the price 
would work out at 2d, per Ib., or £18, 13s. 4d per ton, 
or perbaps six times the price of pig iron on the English 
market. 

Among the miscellaneous articles in this native smithy 
there happened to be an English rosehead nail, and for 
curiosity’s; sake we asked the smith what he thought of 
such metal. His reply was of the most emphatic charac- 
ter, “It is no good!" He repudiated with striking scorn 
the suggestion that he might use such metal for making 
tools for native uses, but his reply was the same. His 
own native metal was good, always good, good for all 
kinds of tools, and he would not use English iron as it 
was no good for the tools that he made, hoes, axes, &c. 

In the case of another smithy which we visited in a vil- 
lage to the southward, we found the same lumps of na- 
tive fron from the same works, but here it seemed that 
foreign influence was beginning to be felt, and a brisk 
trade was being carried on in reaping and pruning hooks, 
knives, &c., made out of hoop iron of the ordinary type 
imported from Europe. But the smith acknowledged with 
great frankness that they were only made to sell, and 
with many a shake of the head said that they did not 
last, as the metal was not to be compared with that of 
native manufacture. 

In the face of such strong prejudice it is hardly likely 
that an important, interesting, and probably now unique 
native industry will suffer much for some time to come 
at the hands of European enterprise; yet the day must in- 


— 

Pitch 

ew af Root) 

| 
| 


if | Fountain 


evitably arrive when the native product is run off the 
market by the imported and machine-made article, when 
the hearths of this smelting village are cold, its kilns in 
ruins, and its workers driven to seek other employment. 
It is earnestly hoped that this time is still far distant and 
that the peaceful, industrious community may continue 
for several generations to toil on in its present occupa- 
tion of producing a metal which, according to the native 
standard, is superior to anything produced elsewhere. 

Not the least important feature in this industry is the 
marked regularity which characterized each operation and 
the enthusiasm which seemed to inspire the workers. 
Strangely at variance with the usual custom of the Ethi- 
opian, there was no noise, no bustle, no confusion; no 
sound but the hum of pre-occupation was to be heard 
throughout the whole village. At the right moment the 
kiln was prepared and lighted, sealed, charged and drawn; 
at the right moment, when the fire was drawn, little 
boys stood ready with their calabash trays to take away 
the live charcoal, and at the right moment they brought 
the necessary green creepers with which to draw the pig 
from the cupola, or water to quench the fire. All this in- 
dicated systematic contro] and the strong hand of author- 
ity, and method only acquired by long practice and passed 
on from one generation to the next. 

Each cupola is run on the share system under a separ- 
ate section of the village; there is no community of in- 
terests governing the whole village. It is a model indus- 
trial community, and may it long continue! 


APPENDIX.—ANALYSES OF SPECIMENS.—By F. 
W. Harbord, Assoc. R. S.M., F. I. C.—It having 
been suggested that it would add to the value 
of Mr. Bellamy’s paper if analyses of the ores and fluxes 
used and of the products obtained were given, I offered to 
make analyses of the samples sent from Lagos, appended. 
These analyses showed that the ore used is a very silice- 
ous haematite, containing only 36.67% of metallic iron, 
mostly as peroxide. By roasting, the small quantity of 
combined water is driven off, and the little ferrous oxide 
present converted into ferric oxide; and by grinding and 
washing, the siliceous residue is reduced from 43% to 
14%, and the percentage of metallic iron increased from 
36.67% to 60%. 

The tailings contain 56% of siliceous residue and 28% 
of metallic iron. 

The fluxes used are ferrous silicates similar to an ordi- 
nary tap cinder, except that they are more siliceous and 
contain less iron, The clinker ordinarily used as a flux 
is the last which comes away before opening the cupola, 
and, is lower in silica and contains about the same per- 
centage of iron as the clinker afterwards selected, thus 
confirming the experience of the workmen that this is the 
best flux; there is a very distinct difference between the 
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best flux, or even the selected flux, and the clinke: 
to spoil, the latter being higher in silica and 
iron. 

The analysis of the smelted metal shows it ;:. . 
iron which has been partially decarburized by th. ~ 
ing flux; it is really a puddled steel, low in sul; 
phosphorus; its purity in these respects accoy; 
its good qualities. The puddling carried out by :) 
previous to forging the tool is evidently a refining 
to that carried out in a charcoal hearth, the me: 
held before the blast until sufficiently decarburize. 
the analyses it will be seen that the silicon w 
largely removed, and the carbon reduced from | 
1.0%; and it is probable that the degree of decar 
tion is varied according to the purpose for wh 
tool is required. 

So far as the metallurgy of the process is conce: 
is similar to most direct processes, the metal b: 
duced by charcoal, and then partially decarburized 
same furnace by means of fusible oxides, which also 
ly dephosphorize the metal. It is interesting to no: 
complete the dephosphorization is, as the washed o: : 
taining 0.033% of phosphorus would, if smelted in t 
furnace, give a pig iron with approximately 0.0 ' 
phosphorus, but, under the conditions prevailing, o/ 
paratively low temperature in the presence of ox 
fluxes, this is reduced to 0.01%. 

It ts probable that the metal never collects in the d 
state on the bottom of the furnace; but as it is i 
and falls through the bath of oxidizing flux, it is 
tially decarburized, its melting point raised, and the © »- 
perature is just high enough to enable it to gather |) ‘i 
form of a metallic sponge, from which the fluid slay 
be tapped off from time to time. 


SPECIAL STEELWORK IN ORCHESTRA HALL, CHICACO. 


The problems which modern theater and auii- 
torium construction places before the engineer are 
by no means simple. Primarily these are prob- 
lems for the structural engineer; for, the ques- 
tions of ventilation, heating and lighting, «tc., 
which also are difficult enough, call for the exer- 
cise more of architectural than of engineering 
skill. Steel frame construction, now un.versa.ly 
established in theater work, is required to meet 
ever more complex conditions; tiers of boxes ani 
galleries become constantly bolder in their propor- 
tioning, columns are crowded to the rear, the de- 
mands of space make the allowed floor thickness 
ever less, etc. 

A modern case, with the framework which was 
worked out as a solution, is presented in the fol- 
lowing text and the accompanying drawings ani 
photographs. It is a large auditorium for orches- 
tra purposes now being built on the lake front of 
Chicago, directly north of the new Railway Ex- 
change Office Building which stands on the north- 
west corner of Michigan Ave. and Jackson Boule- 
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Longitudinal Section on Center Line. 


FIG. 1. LONGITUDINAL AND TRANSVERSE SECTIONS THROUGH ORCHESTRA HALL, MICHIGAN AVENUE, CHICAGO, ILL. 
D. H. Burnham & Co., Architects; Thompson- Starrett Co., Contractors. 
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FIG. 2. ARCHITECT’S FLOOR 


vard. “Orchestra Hall,” as it is called, differs 
from theater structures proper in that it has no 
stage, but merely a platform for musicians and 
chorus. The rather intricate steel construction 
which frames the stage space of modern theaters 
is therefore absent here; however, stage framing 
rarely involves important difficulties of structural 
steel design. 

The general arrangement of the Orchestra Hall 
may be understood from Figs. 1 and 2, the former 
of which gives a vertical longitudinal section 
through the building, while the latter shows half 
plans of the first and second overhung tiers, called 
respectively box tier and balcony. The ‘“orches- 
tra” or parterre, forms a slightly dished floor 
below the box tier, sloping downward toward the 
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PLANS OF BOX-FLOOR AND BALCONY, ORCHESTRA HALL, CHICAGO. 


music platform; it is supported directly on short 
columns in the basement, and involves no diffi- 
culties except shop difficulties due to the fact that 
the floor is a doubly-curved surface. (This may be 
seen in the view, Fig. 11, taken Aug. 9, which shows 
the steelwork of this floor nearly completely 
erected.) There are three overhung tiers, the one 
above the balcony being called the gallery. Above 
this the auditorium space is roofed over by a 
sloping roof carried on large parallel chord War- 
ren trusses extending transversely across the 
building. The roof itself is of terra cotta flat 
arches between I-beam purlins. The trusses rest 
on steel columns which rise through the side walls 
and which carry these walls as well as the roof. 
The balcony in this design is of great depth 
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Chicago building ordinance, 


from front to rear, and has an unusually large 
overhang. Moreover, it is called upon to support 
part of the tier below—the box tier—and the 
greater part of the gallery load. This concentra- 
tion of loading, combined with the great overhang 
of the balcony and the shallow floor thickness al- 
lowed, made the structural work here quite a com- 
plex problem, indeed, the central feature of the 
entire auditorium framing. 

That portion of the building lying forward ot 
the auditorium, that is, between auditorium and 
street front, is of the ordinary construction of 
steel tier buildings, and offers little of note. It 
contains the entrances to the auditorium, in its 
lower stories, and space for offices above. 

At the south side of the building an alley or 
passageway 10 ft. wide is left clear, running 
through from street to street, except that the 
front portion of the building is built out over 
this passage in order to give an unbroken street 
front. Such a passageway is required by the 
which demands that 
theaters must front on three streets, or, if front- 
ing on only two streets, must have a clear and un- 
obstructed passageway 10 ft. wide along one side 
and opening on both streets, to serve as emer- 
gency exit. The only effect of this passage on 
the structure of the building is to simplify the 
foundation work, by removing the south wall 
foundation (except for two bays at the front of 
the building) from direct contiguity to the founda- 
tions of the tall Railway Exchange Building, 
which adjoins to the south. 

FOUNDATIONS.—The foundation work for 
Orchestra Hall was, in general, very simple. The 
loads being relatively small, and the depth of the 
building below ground not great, it was found 
sufficient to drive piles in the upper clay of the 
Chicago subsoil,* and cap these, with concrete 
footings supporting the column bases. 

Fig. 3 shows the foundations of the northeast 
corner of the building, comprising the most elab- 
orate part of the foundations. At this corner the 
footing of an adjacent building spreads far out 
into the building lot, as shown in the detail section 
A in Fig. 3; cantilever girder footings had there- 


*Instead of sinking concrete piers through the clay 
strata to hardpan or rock, as is the modern practice in 
constructing office buildings in Chicago. 
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fore to be used to support the wall columns at two 
bents, especially as heavy loads concentrated here 
As is shown by the detail AB in Fig. 3, the col- 
umns rest on these girders by riveted footings. 
The wall columns to the rear of this portion have 
simpler footings, as shown for Cols. 5, 6 and 7 in 
the detail section CD. The loads here were such 


It should be stated here that the walls of this 
building are carried by wall girders attached to 
the columns, in full “‘cage’’ construction, except 


in the front wall above the third floor. A change 
in the window spacing above this point, which 
would have necessitated offsetting the columns at 
the third floor, made it simpler and cheaper to 
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FIG. 3. FOUNDATIONS IN NORTH-EAST CORNER, ORCHESTRA HALL. 


that a single row of piles would have sufficed; 
but for better stability an inner row was added, 
and short crossbeams on the two main grillage 
béams transmit a small part of the load to the 
ihner row. 

The remaining main column foundations are 
square piled foundations, as represented by Col. 
28. This column, it may be noted, is one of the 
two columns KS (Fig. 6) which form the central 
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carry the remaining four stories of wall directly 
on heavy lintel girders at the third floor level; 
correspondingly, the floorbeams in this section are 
wall-bearing at their outer ends. 

The heavy foundations under the front (east) 
section of the structure are due partly to the fact 
that they carry the front wall and the transverse 
fire wall, and partly to the fact that there is an 
unobstructed foyer the full width of this part of 


is here required merely to accommoda: 
sicians and the chorus singers. No 
work being necessary, the simple roof 
tion exhibited in Fig. 1 is used. The ;. 
ried by transverse trusses, as already . 
and a curved sound-refiecting ceiling 
the line of the auditorium ceiling 
until it merges into the rear wall. 

The orchestra or music platform } f 
floor involving nothing unusual. Cireclin,: 
the back of the platform rise the chory 
framed as shown in Fig. 4, of angles and . 
The filling between the framing is of con 
is the case throughout the auditorium |. 
the building. The office building floors @ 
roof over the auditorium are constructed se 
cotta flat arches. ras 

BOX FLOOR.—Of the three suspende 
the box floor is much the simplest. This ‘ 
to several facts: (1) the floor is practics flat 
and level throughout; (2) the radial lengt}, », 
as great as that of the balcony floor; and the 
partitions between the boxes extending re! ely 
near to the front made it possible to supp.) 
front portion of framing by suspenders co: le} 
in these partitions and hung to the balcony m- 
ing above. An idea of the difference in di- 
tions between this floor and the balcony ob- 
tained by noting that column KS, on th: ck 
line of the box floor, is one of the two mai: for- 
ward balcony supports (see Fig. 6), althou. the 
balcony railing is directly above the box : 

As it was possible to locate the susp: ers 
quite close together laterally, the main flow: gir- 
ders could be arranged so as to render seco: jury 
floor beams unnecessary. The simple friminz 
that resulted is shown in Fig. 5. The floor): ams 
are radial, each being anchored to columns or tu 
transverse floorbeams at the rear end, anid sup- 
ported by a suspender near the front. In the 
forward corners, along the sides, the frami:¢ is 
modified because the cast-iron column KI1, re- 
quired for supporting the balcony floor, is avail- 
able. A radial double girder cantilevered 01 this 

column is used to support the outer end of a 
double girder extending into the extreme forward 


corner; auxiliary radial cantilevers support: ! by 
this latter girder furnish the intermediate fram- 
ing. This arrangement is much like that in the 


corresponding corner of the balcony, described 
below, except that the box floor is flat while the 
other is inclined. ' 

The flat floor introduced one special feature in 
the corner framing: the intersection of the sec- 
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FIG. 4. FRAMING OF MUSIC-PLATFORM AND CHORUS-BANKS, ORCHESTRA HALL. 


supports of the overhung tiers. The short one- 
story columns under the parterre, which support 
only that floor, required no piles, but have the 
concrete footing block resting directly on the clay. 
Pressures of 1% tons per square foot were allowed 
on this material. 


the building, which necessitates transferring the 
loads from the center line of columns above 
the third floor to the front and rear columns of 
the part of the building in question. 
ORCHESTRA AND CHORUS.—The space that 
in the ordinary theater is occupied by the stage 


ondary radials with the double carrying ¢ 't'. 
In the balcony floor these radials could be 4: yped 
below the girder and supported by a riveted © ‘ss*! 
connection. In the box floor the radials ar: ‘lush 
with the girder, and to enable them to can’ °ver 
across the girder it, was necessary to usc long 
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»ge plates over and under the intersection. The 
‘ail plan shown above the main framing plan in 
- 5 and the sketch “Detail at L-L” make the 
sign clear. 

rhe forward edge of this tier of framing ex- 
‘its a special detail which secures an excep- 
nally shallow floor for a narrow strip along the 
-e, the upper surface of the floor being forme 
5 @ Slight step to correspond. The detail sec- 


planation in addition to the plan, Fig. 6. It should 
be stated that the floor filling between the beams 
is concrete, 4 ins. thick, which is molded to the 
general slope of the balcony and on which the 
stepped work, made of concrete slabs, is later 
placed. The concrete filling rigidly ties together 
the whole framing. 

Special details, however, occur at the lower en} 
of-the balcony. Here the allowed floor thickness 


The framing of the extreme forward corners of 
the balcony floor is somewhat similar to the 
above-described framing of the main central por- 
tion, but necessarily is much more irregular. On 
each side is a main radial girder, H (shown in de- 
tail in Fig. 8), supported on a short cast-iron col- 
umn (KH) and anchored by one of the principal! 
wall columns. Here again the ratio of overhang 
to total length is much over one-half. A double 
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FIG. 5. HALF-PLAN AND DETAILS OF FRAMING OF BOX-FLOOR, ORCHESTRA HALL. 


tions in Fig. 5 show the construction: the 12-in. 
channel floorbeams extend only to 2 ft. 4 ins. 
from the edge, and for 12 ins. back of this they 
have the upper 6 ins. of depth cut away. Two 
6-in. angles riveted to the web of the channels 
cantilever out the remaining distance, and these 
angles themselves are cut away in the forward 
portion so as to give a depth of less than 3 ins. 
at the curb. This sheared edge, however, is re- 
inforced by 3 x 3-in. angles riveted along the sides 
of the 6-in. angles. 2 

The curb along the front of this floor is made 
of one 3-in. angle. The balustrade surmounting 
the curb is also a horizontal 3 x 3 x %-in. angle, 
supported by curved angle posts bolted to the 
floorbeams. A detail is given in Fig. 5. The same 
balustrade construction is used also for the bab 
cony and the gallery. 

BALCONY FLOOR.—The general disposition of 
the balcony floor is explained by the architect’s 
plan in Fig. 2. The steel framing is shown in 
Fig. 6. The central feature of this framing is the 
set of four radial longitudinal girders, 50 ins. 
deep at their deepest part; two of them lie on each 
side of the center line. These girders, each 01 
which consists of two parallel plate girders of 
I-section, connected by plate diaphragms, are 
supported by columns (KS and KC) at a point 
less than half their length from the rear end, and 
cantilever the remaining part of their length. 
The rear ends of the girders are framed into 30-in. 
transverse girders, which serve as anchorage. 
Fig. 7 shows one of the radial girders in detail 
elevation and plan. ' 

The main radial girders support not only the 
balcony floor, but also, by means of the one-story 
cast-iron columns KG, nearly the entire weight of 
the gallery floor above, and, by means of the sus- 
penders B attached to intermediate floor-beams, 
a large part of the load of the box floor be- 
low, as has already been explained. The over- 
hang of the radial girders, beyond center line of 
supporting column, is 25 ft. 1 in. in the case of 
each girder of the outer pair, and not less than 
30 ft. 4 ins. in the case of the middle pair! The 
latter rests on a steel column (KS in Fig. 6), while 
the former is carried by a cast-iron column (KC). 
The two columns KS were made of square section, 
in steel, because they are located in the wall at 
the rear of the parterre, while columns KC, not 
being concealed in a wall, were preferred of round 
section and were therefore made of cast iron. 

The floor framing subsidiary to these radial 
girders is, generally, simple and requires no ex- 


was only 10 ins., and the radial girders, as well 
as the intermediate work, had to be kept safely 
within this limiting depth. The way in which the 
main girders were detailed to meet this condition 
is made clear by the elevation in Fig. 6. Each 
component I-girder terminates at the bottom in 
two 6-in. channels back to back, riveted to an 
extension of the main web plate and extending out 
horizontally in cantilever fashion to the curb, a 
net projection of about 3 ft. The curbing of the 
floor is a 6-in. channel. This curb channel is in- 
sufficient to carry the entire floor load between 
the girders. In the middle of the panels, there- 
fore, auxiliary cantilever beams C, D and E pro- 
ject from the last line of floorbeams to support the 


Halt Pian 
of 
Balcony. 


floorbeam (J) of two 15-in. channels rests on this 
radial girder at one end, and on the wall framing 
at the other end. It extends along the whole 
length of the corner and provides support for gq 
number of radial cantilevers, which reach out far 
enough to carry the 6-in. channel curb. These 
cantilevers are each composed of two 6-in. chan- 
nels; the two longer cantilevers are bent to fit 
the lines of the floor, while the three short ones 
are straight and level. 

As the floorbeams of the balcony floor at its 
intersection with the side wall find support on 
the wall framing, it is worth noting that the wall 
girders themselves are in all cases level. The 
wall ends of the floorbeams, therefore, are in most 
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FIG. 6. HALF-PLAN OF BALCONY FRAMING, ORCHESTRA HALL. 


curb channel. Details of these cantilevers are 
shown in Fig. 7. The cantilevers C and D are 
supported only by the last full floorbeam, which 
is a double beam composed of two 15-in. channels 
spread 12 ins.; cantilever E is also fastened to 
these channels, but in addition extends back an- 
other panel and finds its anchorage in the second 
main floorbeam, which is a heavy 29-in. plate 
girder, and which also carries the box floor sus- 
penders B. 


cases supported by posts made of single angles, 
which posts foot on the wall girders. The detail! 
plan of the wall work in Fig. 6 indicates these 
posts. They are steadied laterally by the wall 
masonry. 

GALLERY FLOOR.—The framing of the ga!- 
lery floor, Fig. 9, follows in its arrangement that 
of the balcony, but is much simpler. The main 


radial girders, of which there are four (two each 
side of the median line), are not only much 
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shorter than those of the balcony, but have a 
much smaller ratio of overhang, due to the fzct 
that the front line of the gallery is considerably 
back of that of the balcony. These girders, which 
are supported by the cast-iron columns KG al- 
ready noted, are each composed of two channel- 
shaped plate girders tied together by diaphragms, 
and as shown in the elevation, Fig. 10, they have a 
middle inclined and an upper horizontal part con- 
nected by a large gusset plate. Due to the fact 
that these girders are cantilevers, the moment at 
this riveted connection is not very large, even 
with the most unfavorable distribution of live 
load. 

The lower end details are similar to those of the 
balcony’ floor.. The main girders are extended Ly 
channel cantilevers in precisely similar manner, 
and the auxiliary cantilevers, M, N, P. Q and R, 
of which details are shown in Fig. 10, are much 
the same as the corresponding elements in the 
balcony floor. 

The framing of the forward corners of the fioor 


is not as complex as in the balcony floor, because . 


the front line of the gallery is only slightly ci ved. 
An inspection of the plan in Fig. 9 shows how this 
avoids the complicated corner work of the 
balcony. 

The wall girders adjacent to the gallery fram- 
ing are level, as in the balcony floor, and the floor- 
beams are supported by angle struts where their 
levels differ from those of the wall g'rders. 


CONSTRUCTION WORK.—Orchestra Hall was 
designed by the firm of D. H. Rurnham «& Co., 
Architects, Railway Exchange Building, Chicogo, 
and is being built by the Thompson-Starrett Co., 
of Chicago and New York, Mr. George Simpson, 
Chief Engineer. The steelwork was detailed and 
fatricated by the American Bridge Co., hiladel- 
phia, Pa, 

The erection of this building was characterized 
by extremely rapid construction, especially in the 
erection of the steelwork. The detail drawings 
for that work were commenced on June 15, 1904, 
and the structure was practically complete on the 
lst of October. This rapid progress is the more 
notable an achievement because of the intricacy 
of the work. 

Work on the site was commenced May 2, 1904. 
Several old buildings required to be torn down 
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FIG. 9. HALF-PLAN OF GALLERY FRAMING. 
FIGS. 9 AND 10. FRAMING OF GALLERY, ORCHESTRA HALL, CHICAGO. 


before the excavation could be begun. The re- 
moval of these buildings, excavation of the site, 
driving of foundation piles and placing concrets 
footing blocks for the column bases occupied a 
period of just three months. By August 2 the 
column footings were nearly ready for the erec- 
ton of the steelwork. This latter was begun in 


the week following. The view reproduced in Fig. auditorium was nearly completed, as - aah 
11 shows the condition of the work on August 9, by Fig. 13, a view taken on September - The 
when the basement columns had been set and _ view is on the balcony tier and shows the “ates 
nearly the whole parterre tier of beams erected. of this tier and of the gallery above. . de 
Four weeks later the roof framing of the audi- wall brickwork was also going up rapid), this 
torilum was nearly up, as seen from Fig. 12, taken time, having reached a point nearly leve) the 
on September 6. The long side wall columns of top of the balcony; the scaffolding in t) ke 
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Fig. 8. Cantilever Girder 
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Fig 7. Main Radial Cantilevers and Intermediate Cantilevers. 


FIGS. 7 AND 8. DETAILS OF BALCONY FRAMING, ORCHESTRA HALL, CHICAGO. 


the auditorium had been set, the connecting wall 
girders put in, and some of the roof trusses lifted © 
into position. These trusses were shipped in two 
halves, riveted together on the ground in a posi- 
tion just beneath their final lucation, and thence 
hoisted to the top of the columns by a long double 
gin-pole or gallows frame, which is well shown in 
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ground in Fig. 13 serves for the mason work of 
the south wall, and a portion of the north wall 
scaffold is visible in. the extreme foreground. 
By October Ist the steelwork, as already stated. 
was practically completed. Fig. 14, a view taken 
on October 4, shows the appearance of the struc- 
ture about this time. At present the date of 
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the view. Much work had already been done on 
the front portion of the building, but the archi- 
tects now desired to concentrate the work on the 
auditorium portion, to make sure that this would 
be completed on time for the opening as planned, 
by the end of November. 

Two weeks later, the interior framing of the 
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MAIN RADIAL CANTILEVERS AND INTERMEDIATE CANTILEVERS. 


formal opening is placed at December 2 of thls 
year, and the Thompson-Starrett Co. feel a!so- 
lutely certain that it can meet this date. 

Thus, the entire work on the structure wi!) be 
comprised in a period of seven months, and ‘he 
steelwork, including the making of detail d: - 
ings, within a period less than four month: 
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FIG. 11. VIEW OF ORCHESTRA HALL SITE ON AUGUST 9, 1904. 


View Taken from Rear of Site, Railway Exchange Bldg. at right, Pullman Bldg., at left, 
Art Institute in back-ground. The doubly-curved floor is the parterre tier. 


LOADS AND STRESSES.—The loads and 
stresses assumed in the design of this building 
were as follows: 

Floor load, office building; 150 Ibs. per sq. ft. 
on all floors. Floor load, orchestra hall: Main 
floor and box tier, 150 Ibs. per sq. ft.; balcony and 
gallery, 180 Ibs. per sq. ft. Roof load: 100 Ibs. 
per sq. ft. These are all total loads. Unit stresses: 
Rolled beams, 16,000 Ibs. per sq. in., extreme 
fiber stress; built up girders, 14,000 lbs. per sq. in., 
flange stress, and 10,000 lbs. per sq. in. shear; 
columns and struts, 15,200 — 58 1 + r; tension 
members of roof trusses, 16,000 Ibs. per sq. in, 


AMERICAN MEETING OF THE BRITISH IRON AND 
STEEL INSTITUTE. 


That influential technical society, the Iron and 
Steel Institute of Great Britain and the World, is 
at present on its second visit to the United States. 
During the 35 years of its existence (the society 
was founded in 1869), it has paid one or more 


official visits to nearly all of the European coun- 
tries: Belgium, France, Germany, Austria, Spain, 
and Sweden; but only once before this year has 
it come to America. That was in 1890, when it 
held its regular annual autumn meeting in New 
York City, and made an excursion to the most im- 
portant metallurgical plants in the eastern part 
of the United States. The second visit, now un- 
der way, is arranged much like the first. The an- 
nual meeting was held in New York City on 
Wednesday, Oct. 26, and this is followed by a cir- 
cular tour passing through Bethlehem, Philadel- 
phia, Washington, Pittsburg, Cleveland, Conneaut, 
Buffalo, and Niagara Falls, Albany and Schenec- 
tady, and thence back to New York. A section of 
the visiting party also makes a side trip from 
Pittsburg to St. Louis and Chicago. 

There is, as yet, no technical society in America 
corresponding in scope to the Iron and Steel In- 
stitute. In consequence the latter has quite a 
number of American engineers and metallurgists 
in its list of members. It has therefore been easy 


FIG. 13. INTERIOR VIEW ON SEPTEMBER 21, 1904. 
View at level of center of balcony floor. Gallery floor shown above. 


FIG. 12. CONDITION OF WORK ON SEPTEMBER 6, 1904. 
View from front. Auditorium roof trusses being placed. 


to arrange very fully at the different stopping 
points of the tour for the entertainment of visit- 
ors. Local committees at the various cities in 
question have taken the arrangements In charge, 
and it appears that the visitors will have little 
lost time to record. 

The New York meeting comprised two sessions, 
held in the concert room of the new Hotel Astor 
on the morning and afternoon of Oct. 26. At the 
morning session the President, Mr. Andrew Car- 
negie, was in the chair, while at the afternoon 
session Mr. E. Windsor-Richards, one of the Vice- 
Presidents, presided. Beyond the announcement 
that Mr. R. A. Hadfield is to be the next president 
of the Institute, the two sessions were occupied 
wholly by the reading and discussion of technical 
papers. . These are briefly considered in the fol- 
lowing: 

DRY-AIR BLAST FOR BLAST FURNACES. 

The first paper, “The Application of Dry-Air 
Blast to the Manufacture of Iron,” by Mr. James 
Gayley (New York), claimed close attention and 


FIG. 14. VIEW OF ORCHESTRA HALL FROM FRONT, OCTOBER 4, 1904. 
Erection of steelwork nearly completed. 
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great interest. As many of our readers will recall, 
Mr. Gayley is now First Vice-President of the 
United States Steel Corporation, and is this year 
President of the American Institute of Mining En- 
gineers. His paper describes the successful at- 
tempt to desiccate the air supplied to a blast-fur- 
nace, in order to render the operation of the fur- 
nace independent of the great variations of 
atmospheric moisture. It happens that this varia- 
tion is the greatest variation which affects the 
elements entering into iron smelting. The ore 
and the coke are kept within 10 per cent. of uni- 
formity in chemical composition, while the atmos- 
pheric moisture varies 20 to 100 per cent. on suc- 
cessive days, or even on a single day. Moreover, 
aside from its variability, the quantity of mois- 
ture in the blast is harmful to the working of the 
furnace because it requires a large amount of ex- 
tra heat to raise it to the furnace temperature, If 
the specific heat of the blast were zero, the varia- 
tions in temperaturé from point to point within 
the furnace would be a minimum; as the con- 


tained moisture raises the specific heat, it makes | 


these variations greater, and hence, for the same 
maximum temperature, lowers the average tem- 
perature of the furnace. It follows that the moist 
air-blast makes necessary a greater fuel-ratio 
and a reduced melting capacity. At Pittsburg the 
average moisture content of the atmosphere, at 
the Weather Bureau office, is 3 to 4 grains per cu- 
bic foot, which, in the case of an ordinary blast- 
furnace, means about 125 to 150 gallons of water 
entering the furnace each hour. At the furnace 
the air is likely to average one to two grains 
higher than at the Weather Bureau. Some de- 
tailed tables of moisture content in the air nea. 
the furnace, for each hour throughout two differ- 
ent months, are given in the paper. They show 
variations, frequently reaching 25 per cent. in a 
few hours, sufficient to draw heavily on the re- 
serve heat held by the furnace and therefore seri- 
ously affect the quality of metal produced. The 
extra manipulation required to overcome the re- 
sulting irregularities, of course, reacts on the 
quantitative output. 

After considering and trying various methods 
for getting rid of the moisture in the air-supply, 
the refrigeration progress was selected, and a 
plant therefor was designed to be put in at the 
Isabella furnaces, at Etna, near Pittsburg, Pa. A 
small refrigerating plant was first built, to yield 
experimental data as to required capacities, and 
then the plant for the furnace was designed. The 
plant was designed on the cold-brine system, to 
avoid danger of accident from using ammonia di- 
rectly in the coils. The plant comprises the fol- 


‘lowing main items: 


Two comp-essors, York Mfg. Co., York, Pa.; steam cylin- 
derg 28% and 56 ins, compressor cylinder 22% ins., com- 
mon stroke 36 ins. One compressor for reserve. Capacity 
of each compressor, 225 tons ice-melting per day. 

Brine tanks: Coils of concentric 2-in. and 3-in pipes; 
calcium chloride brine of sp. gr. 1.21 flows into top of 
tank, is pumped from bottom and thence into the 2-in. 
pipes of the coils. 

Refrigerating chamber: 4,500 2-in, pipes, 20 ft. long, 60 
columns each having 75 pipes; the chamber is divided 
into three sections one above the other; it is lined on the 
inside with 2-in.'plates of compressed cork; air is forced 
through the chamber by a centrifugal blower, to avoid 
excessive suction in blowing engine; two electrically- 
driven fang below refrigerating chamber are provided to 
distribute the air in passage through the chamber. The 
coils are divided into sections which can be cut off from 
remainder and het brine circulated in them to melt off the 
frost. In practice one-third of all the coils are melted 
each day, so that each section runs three days. 


The plant was put into service on Aug. 11, 1904, 
the furnace then using an ore-mixture of 50 per 
cent Mesaba ore and 50 per cent. soft Michigan 
hematites. No change was made other than using 
the dry-blast instead of the natural air. The fur- 
nace is 21 ft. diameter in the bosh, 13 ft. 6 ins. at 
the hearth, and 14 ft. at the top; its height is 90 
ft. The air supply was gradually changed from 
natural air to dry-blast, and the charge of ore 
was also increased gradually. On Aug. 11, before 
using dry-blast, and on Aug. 25, with full dry- 
blast, the respective burdens were: 


Aug. 11 Aug. 2. 
40.300 


The output of the furnace increased from 358 
tons per day, average between Aug. 1 and Aug. 11 
to 447 tons average between Aug. 25 and Sept. 
9; in the same period the coke-consumption per 
ton of iron fell from 2,147 Ibs. to 1,726 Ibs. 

Days of excessive humidity remained without 
effect on this furnace, while a neighboring fur. 
nace required extra charges of coke to counteract 
the effects of the humidity. — 

The effect of the refrigerating chamber directly 
was as follows: during a period of 13 days the 
average moisture in the atmosphere was 5.66 
grains per cu. ft.; the average in the dried air 
was 1.75 grains. 

The blowing engines had to be slowed down 
from 114 r. p. m. to 96 r. p. m., reducing the vol- 
ume of air from 40,000 to 84,000 cu. ft. per min. 
Yet the output, as above shown, increased 89 tons, 
and 1 per cent. more coke was burned. The blast 
was 150°F. hotter than before. The average tem- 
perature and composition of the gas changed as 
follows: 


Before. After. 
538°P. 376°F. 


The lower temperature of the gags means more 
heat utilized in the furnace. Another saving is in 
waste ore dust, which has been cut down from 5 
per cent. to less than 1 per cent. of the ore charged. 

The paper was discussed by Messrs. E. Wind- 
sor Richards, R. W. Raymond, E. P. Martin, John 
Fritz, E. S. Cook, A. Lamberton, E. H. Saniter, 
Axel Sahlin, and C. H. Morgan. The discussion 
added little or no information, but expressed the 
general interest in and approval of the new de- 
parture. The paramount importance of uniform- 
ity of moisture, as compared with low moisture, 
was emphasized by several. The liberality of the 
management, which made it possible to install 
such a large plant without certainty of advanta- 
geous results, aroused approving comment. Mr. 
E. S. Cook reported that he had some time ago 
worked out a plan for drying the air supplied to a 
blast-furnace, but with the use of calcium chloride 
as a drier; the process had figured out too ex- 
pensive for use. Mr. A. Sahlin said that in oper- 
ating a blast-furnace on Chesapeake Bay, some 
years ago, his thoughts had by necessity been di- 
rected toward supplying dry-air to the blowing 
engines, but instead of adopting artificial drying 
he had merely drawn the air from outside of the 
blowing-engine room, with results showing a 
slight improvement over the previous working. 


STRENGTH OF STEEL AS A FUNCTION OF 
CHEMICAL COMPOSITION. 

Mr. H. H. Campbell, of Steelton, Pa., presented 
an interesting paper on “The Influence of Carbon, 
Phosphorus, Manganese and Sulphur on the Ten- 
sile Strength of Open-Hearth Steel.” In this pa- 
per he brought together the results of a very ex- 
tensive and carefully planned series of experi- 
ments which had the object of showing definitely 
the influence of each of the elements noted upon 
the strength of the metal. Resulting from this, 
of course, are formulas giving the strength of 
steel as a function of the composition percentages. 
This entire line of thought and work is not new, 
but its development.has been confined to two or 
three men, most prominently, Mr. Campbell and 
Mr. W. R. Webster. The present paper repre- 
sents by far the most advanced work en this 
subject. We hope to present a full abstract of it 
in another issue. 

In discussion, Mr. Webster, while highly com- 
mending the work reported in the paper, pointed 
out that it covered only part of the field of 
strength of steel, as heat treatment and amount 
of working have so much influence. Mr. Webster 
has previously proposed the plan of polishing a 
small spot of the metal and examining it under 
low magnification, to observe the size of struc- 
ture. This, he believes, would give the additional 
information required for judging the strength 
and quality of the metal. 

Mr. C. B. Dudley stated that for many years the 
Pennsylvania R. R. has made it a practice to 
closely examine all failures of parts in service, 
with most excellent results. This work, ‘vhere 


usually both chemical and physical tests are 
made, has indicated a close correspondence be-_ 
tween chemical and physical properties. The re- 


sults obtained by Mr. Campbell have bee 
the Altoona laboratory of the company .- 
time, and with great satisfaction, for . 
where it was impossible to get pieces larg 
for a tensile test. The paper was also . 
by Mr. R. W. Hunt and Mr. J. A. Mathe» 


ABORIGINAL IRON METALLUI: 

A paper by Mr. C. V. Bellamy, entitled 
African Smelting House,” proved qui 
cinating. It describes the iron-smelting | 
of an uncivilized West African tribe of . 
who work up a low-grade hematite ore jy; 
steel by what is virtually the old “direct I 
The paper is reprinted on another page, a 
therefore not be further noted here. 

In discussing it, Prof. H. Bauerman ex sed 
the opinion that probably all over the w.. the 
production of steel preceded the produc: . 
iron, The use of natural draft in this We; 
ean steel-furnace is notable. The use of ; 
nese oxides, rather than iron oxides as th 
case, characterized some of the early iron- It- 
ing. 

Dr. James Douglas remarked that the 
metallurgical artisans achieved remarkal) ro. 
sults in quality, even though they worke) th 
very small quantities. This is illustrated i; \t;. 
Bellamy's paper; the analyses of the slags 
very small loss of iron. In some parts of 
great slag heaps are still seen, relics of an 
copper industry; these slags have often 
thought to be very valuable for their remas 
metal, but as a matter of fact they are ren, ¢k- 
ably pure, showing. even a lower metal co: on! 
than modern slags. The'same is true of mo-: of 
the slag heaps found in Mexico. Sir James kK.‘ soy 
and Prof. H. M. Howe also discussed the paper 
briefly. 

HIGH-SPEED TOOL STEEL. 

An extended summary of the present-day 4. v°). 
opment of “high-speed tool steel’ was preseni«d 
by Mr. J. M. Gledhill, under the title “The D.ve!- 
opment and Use of High-Speed Tool Steel.” The 
paper gives the general results of many experi- 
ments made to determine the effects of the y.- 
rious alloying elements; it also explains the prop: r 
methods of manipulating the steel, in grinding, 
hardening, etc.; finally, it cites in detail many rec- 
ords of time-saving due to replacing ordinary car- 
bon-steel by high-speed tool steel. We hope to 
give an abstract of this paper later. 

One point made by the author was that for the 
best results it is necessary to use the purest Swed- 
ish or Dannemora iron. This assertion was ques- 
tioned’ by many, Prof. H. M.~Howe, Mr. H. H. 
Campbell, Mr. J. A. Mathews, among others. 
Prof. Howe called for actual experimental facts t« 
verify the statement. Mr. Campbell said that the 
Pennsylvania Steel Co. makes several kinds of 
high-speed steel, but uses no Swedish iron whit- 
ever; he believes their results are as good as any. 
Mr. Mathews stated that the Crucible Steel Com- 
pany of America has found pure American irons 
to be just as good for these special steels as Swed- 
ish iron, 

Prof. H. M. Howe called attention to the fact 
that if high-speed steels are to outlast one or two 
generations, it will be necessary to draw on more 
common elements than tungsten, molybdenum ani 
vanadium. Mr. J. A. Mathews remarked that the 
Crucible Steel Company of America has used hun- 
dreds of thousands of pounds of molybdenum, «:1' 
its experience could therefore supply the inform :- 
tion as to the effects of molybdenum, which Mr 
Gledhill lacked. Mr, A. S. Pye-Smith remark’ 
that the influence of manganese is not referred to 
in the paper, and asked whether any recent i:- 
formation on this matter is available. As \!r. 
Gledhill was not present, this and other que: < 
remained unanswered. Mr. Pye-Smith also noi’! 
that proper treatment of the steel in forgi’s. 
grinding and hardening is equally important w ‘h 
the old-type carbon steel and with high-sp: 
steel. The letter-stamp often placed on the t.°! 
by the blacksmith is very apt to give occasion °° 
a crack to start, and should therefore be omitt«!. 
or else carefully done. Mr. T. Westgarth, P: ‘ 
J. W. Richards, Mr. Oberlin Smith and Mr. \V. 
Carter also spoke. The effect of the new st+ 's 
on machine-tool development was discussed so” °- 
what, but with no gen¢ral agreement. Mr. Sm h 
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: ved in the ultimate substitution of milling for 
planing, preceded by the development of 
ers having moving tools like armor-plate 
4 ers, while Mr. Carter states that, on lengths 
10 ft. or over, the planer easily beats the mill- 
machine. An example is a 7-ft, planer run- 
- at 6D ft. cutting and 150 ft. per min. return, 
ing 14-in. eut by %-in. feed, and driving high- 
4 tool steel to its limit of durability. 

paper by Prof. H. Bauerman, on “Tron and 
1 at the St. Louis Exposition,” was read in 
tract by the author, without discussion. The 


‘ 
-hree other papers were “taken as read.” They 
“Acid Open-Hearth Manipulation,” by 


5. -srs, A. MeWilliam and W. H. Hatfield; ‘“Com- 
& ison of Methods for the Determination of Car- 
a , and Phosphorus in Steel,”’ by Messrs. H. J. 
; . Jonstorff, A. A, Blair, G. Dillner, and J. E. 
ad; and “The Utilization of Exhaust Steam by 
eam Aceumulators and Low-Pressure Rateau 
rbines,” by Mr. E. Demenge. The subject dis- 
.ssed in the last of these papers has already 
en noted in Engineering News of Sept. 29, p. 
at THE TIME REQUIRED TO RAISE STEAM FOR FIRE 
; PUMPS FROM COLD BOILERS AND THE COST 
‘4 OF BANKED FIRES. 


Starting with cold boilers, of the type generally 
used in New England textile mills, it takes about 
14 hours to get up 50 lbs. of steam, or enough to 
run a fire pump. A well-banked ordinary factory 
E boiler can be relied upon to promptly operate a 
% fire pump at the rate of 1,000 gallons per minute. 

Banking such a boiler so as to maintain a gage 
f pressure of 50 Ibs. need not require more than 
‘ iE 800 Ibs. of coal per day, costing about $1.60, for 
=: fuel, at most points in New England. It is ad- 
Bis. visable that the steam pressure be maintained 
Be at 40 to 50 Ibs. per sq. in. where fires are banked 
or at a point, say, 10 lbs. higher than required 


er will serve as a guide for those visiting the 


for fire protection. It may be said here that, al- 
though the water and fire departments were found 
to be unusually strong, the inspectors did not 
consider that it would be advisable to draw the 
fires, particularly in view of the small expense 
required to keep them banked. 

TIME REQUIRED TO RAISE STEAM FOR 
FIRE PUMPS FROM COLD BOILERS. 
The most therough-going of the tesis, or at 

least the one most fully reported, was made at 

the mil) of the Union Manufacturing Co. Here 
one boiler out of a battery of nine, none of which 
had been fired for two weeks, was chosen. The 
day on which the test was made “was rainy and 
muggy, the temperature of the air 79°F." The 
fire was kindled with waste paper and about one- 
eighth of a cord of sound native pine, 2 to 4 ins. 
in diameter and 4 ft. long. The fire was lighted 
and handled in the ordinary manner by one of the 

mill firemen. The temperature of the boiler wa- 

ter before starting was S4°F. 

The boiler was of the ordinary horizontal tubu- 
lar type, 5% x 20 ft., with 75 3\4-in. tubes, a grate 
5% ft. square and a rated capacity of 125 HP. 
As there was no means of subdividing the main 
steam drum of the battery, all of it and of the pipe 
leading to it had to be heated. The accompany- 
ing diagram shows the results obtained with both 
the boiler and the pump. 

A 1,000-gallon Deane underwriter pump was 
used, 1814 x 10% x 12, located near by, and having 
a 4-in. connection with the main boiler drum. 
For the fire streams, four 50-ft. lengths of ordi- 
nary 2%-in. rubber-lined hose, each with a 1)-in. 
nozzle, were attached to the pump outlets. All 
the hose lines were left open until the pump 
picked up water, then the fire streams were 
manipulated, as shown.on the diagram. 

At the Granite Mills two boilers in different 
mills were tested, with the widely varying results 
shown in the summary given below. Each of 
these boilers was of the horizontal, tubular type, 
5 x 18 ft., with 76 314-in. tubes and 25 sq. ft. of 
grate area. Each boiler was one of a battery and 
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RESULTS OF TESTS TO SHOW THE TIME REQUIRED TO RAISE STEAM FOR A FIRE PUMP 
FROM A COLD BOILER. 


for starting the fire pump so as to give some 
margin to draw on while fires are being opened. 
These, in brief, are the conclusions drawn from 
tests made by inspectors of the Associated Fac- 
tory Mutual Fire Insurance Cos., at the request of 
Mr. John R. Freeman, M. Am. Soc. C. E., Presi- 
dent of certain of these companies, and reported on 
under date of Aug. 31 by C. H. Phinney and E. V. 
French, Inspectors. The tests were made during 
an investigation of the water and fire departments 
of Fall River, Mass., to determine whether ii 
would be safe for the mills to allow the fires to 
be drawn from their fire-pump boilers during a 
shut-down of their mills, and thus depending 
wholly upon the city water and fire departments 


had a companion boiler with a banked fire and 
about 50 Ibs. steam pressure, thus giving moder- 
ately warm flues and chimney. Although No. 1 
boiler required only 55 minutes and No. 2 required 
2 hrs. 55 min. to raise 50 Ibs. of steam, the two 
boilers were “supposed to be in about the same 
condition.” As explaining the differences in 
results, the report says: 

It i9 stated that the draft in No. 1 boiler is better than 
in No. 2, and that in No. 1 Mill test soft coal was used 
entirely, while in No. 2 hard and soft coal mixed were 
used. Further, the No. 1 fire was said to be much less 
solid than No. 2, and probably less able to hold steam 
after 50 Ibs. was reached. It was also stated that the No. 
1 fireman is a cool, collected man, while the No. 2 fire- 
man is more excitable, so that the No. 1 man probably 
handled the fire more skilfully under these special con- 
ditions. The results are interesting as showing how wide 


differences may result from apparently small variations 
in conditions and men. 

At the No. 1 mill of the Richard Borden Manu 
facturing Co. a test was made of one of severai 


S4-in. ordinary upright boilers, having 853 2%-In. 


tubes, 13 ft. long, and a grate area of 33 sq. ft. 
These boilers did not have brick settings and 
raised steam quicker on that account, the time 


required to attain 50 Ibs. 
min. 

Bringing together the 
we have: 


pressure being 1 hr. 10 


results of the four tests 


Granite Mill, 


Hours. Minutes 
55 


Average, about. 


Commenting on these figures, the report states: 

It is believed that there tests fairly represent the con- 
ditions likely to be found in average mutual mills, aad 
show that under the usual conditions steam could not be 
raised from cold boilers quickly enough to save the ordi- 
nary mill plant in case of fire. The Union Mill test also 
suggests the desirability, if ever it is necessary to get 
up steam to fight a mill fire, of starting at least two 
boilers, so that the total amount of boiler fire may be 
greater and the heating up of the settings quicker and s0 
that, when steam is obtained, there will be an ample 
supply to run the fire pump at once. 
ABILITY OF A BANKED FIRE TO QUICKLY 

FURNISH STEAM. 

A boiler at the mill of the Union Manufacturing 
Co., in the same battery as that containing the 
boiler tested as to time of raising steam from a 
cold boiler, was tested with a banked fire. At the 
time of the test the fire had been banked*for a 
week and had not been cleaned for 24 hours. A 
steam pressure of 50 Ibs. was being maintained. 

Four 50-ft. lengths of rubber-lined cotton hose, 
each fitted with a 1%-in. nozzle, were attached to 
the pump connected with this boiler. The day 
was sunny, with a good southeast breeze, 

At a given signal the pump was started and 
simultaneously the flreman opened his drafts and 
began to stir his fire vigorously. The suction pipe 
was long and had no foot valve. After priming 
the pump was run at 70 to 80 revs. per min. for 
414 minutes before water reached the pump cham- 
bers. The speed was then reduced to 60 or 70 revs. 
per min., the water pressure being 20 to 40 Ibs., 
after which some eight minutes were required to 
clear the cylinders of air and get four clean fire 
streams. Altogether, about 13 minutes were con- 
sumed in obtaining these streams. At the end of 
that time the boiler pressure had fallen from 50 
to 42 lbs. It dropped, during the next 10 min- 
utes, to 33 Ibs., then came up to and remained at 
40 to 43 lbs. throughout the remaining 45 minutes 
of the test. The pump made 70 to SO revs. per 
inin. during the latter period, with a water pres- 
sure of 70 to 80 Ibs., and a delivery of 1,120 to 
1,200 gallons pér minute. Evidently these condi- 
tions might have been maintained for hours, 
COST OF MAINTAINING 50 LBS. STEAM 

WITH BANKED FIRES. 

Three mills were tested under the direction of 
Mr. T. G. Estes to determine how much coal would 
be required to maintain 50 Ibs. of steam with 
banked fires. In addition, some records were ob- 
tained from a fourth mill. 

At the Durfee Mill a horizontal tubular boiler 
in a brick setting was tested. The boiler was 
6 x 18 ft., with 140 3-in. tubes and a grate area 
of 36 sq. ft. Pocahontas soft coal was used for 
fuel, and ordinary conditions were maintained. 
There was practically no radiating surface out- 
side of the boiler setting. For a run of two weeks 
an average of about 460 Ibs. of coal per 24 hours 
was used. During the following week steam was 
let into the header or drum for two days, with an 
average of 700 lbs. of coal per day for those days. 

At the Arkwright Mill a Cahall vertical water 
tube boiler was tested. The main boiler was 80 
ins. in diameter. The boiler had 108 4-in. tubes, 
22 ft. long, and 48 sq. ft. of grate area. With fire 
over half the grate and ashes over the other half, 
the average coal consumption was 1,500 Ibs. per 
day, With the fire over the whole grate for 4 
week, the average fell to 838 Ibs. 

At Granite Mills, No. 1, a 5 x 18-ft. horizontal 
tubular boiler, with 76 344-in. tubes and a grate 
area of about 36 sq. ft., was tested. There was 
eonsiderable radiating surface here, as the steam 
pressure was maintained on the 12-in, main drum, 
and up to the throttle and on the jackets of the 
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main engine. A mixture of about two-thirds soft 
and one-third hard coal was used. The average 
amount of coal used per day for two weeks was 
about 1,170 Ibs. 

At the mill of the Union Manufacturing Co. the 
mill record for a week, with steam up to the throt- 
tle valve of the engine, showed an average coal 
consumption of 732 Ibs. a day. 

The cost of the coal in the several tests ranged 
from $3.50 to $4.50 per ton. Assuming an average 
cost of $4 per ton, the four tests are summarized 
as follows: 

Average coal per day. 


Mill. Pounds, Cost. 

438 to 1,500 1.67 to $3 

Grate 1,169 2.33 


Taking the smaller figures for the Arkwright 
test, the report states, the average for the four 
mills is 800 Ibs. for coal per day at a cost of about 
$1.60. It is thought that little if any additional 
expense for a fireman would be needed to keep up 
a banked fire, since “the watchman could handle 
a slow fire of this kind.” 


A CONCRETE-LINED SHAFT FOR THE U.S. COAL & 
COKE CO. 
By Francis Donaldson, M. E.* 


The U. S. Coal & Coke Co., at Tug River, W. 
Va., has just completed two coal shafts which are 
noteworthy in being elliptical and lined with con- 
crete. Both shafts penetrate two coal seams, the 
No. 4 seam at a depth of 100 ft., and the No. 3 
or Pocahontas seam at a depth of 175 ft. 

AIR SHAFT.—The air shaft is 14 ft. 2 ins. by 
20 ft. in the clear, and is divided into two com- 
partments by a line of 6 in. x 8 in. buntons carry- 
ing a brattice of tongued and grooved boards. 
One compartment is for an air passage; the other 
is to contain a spiral iron stairway. As this 
shaft is to be used as an upcast, and the rock 
penetrated is very solid, it was necessary to con- 
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ciently, the pipe was plugged, thus completely 
cutting off the surface water. 

HOIST SHAFT.—The hoisting shaft is 17 ft. 
4 ins. x 33 ft. in the clear, and is concrete-lined 
throughout. with concrete arched entries at both 
seams. This shaft is divided by three lines of 
8 in. x 12 in. buntons into an air way, two hoist 
ways, and a pipe way. At the bottom, under the 
hoist ways, is a sump 8 ft. deep, lined with con- 
crete. Each seam has two 24-ft., three-center 
concrete arches over the main entries, and a 
15-ft. arch over the air course. The lower seam 
has, in addition, an 8-ft. entry for pipes at one 
end of the shaft. The plans for the hoist shaft 
lining required a thickness of 1 ft. at the sides 
and 1 ft. 6 ins. at the ends. The buntons are held 
by cast-iron pockets or boxes imbedded in the 
concrete lining, so designed that the buntons may 
be readily changed. 

Both shafts were sunk simultaneously. Com- 
pressed air was used for drilling and electricity 
for lighting. Three eight-hour shifts, six days a 
week, were employed. The average weekly prog- 
ress in the hoist shaft was 16 ft., and 20 ft. was 


’ the best week’s work. This shaft was 19 ft. 4 ins. 


x 36 ft. through the rock, and contained 20.2 cu. 
yds. of rock per lineal ft. The rock penetrated 
was solid, and, except at the surface, no timber- 
ing was required. The sump and the necessary 
excavation for the arches at the lower seam were 
completed before any ‘ining concrete was placed. 

A mixing board was built between the shaft and 
the engine house. In the shaft, 4 ft. below this 
level, a platform large enough to hold two shaft 
buckets side by side was set on the cross braces 
(Fig. 1). A paddle mixer was set up on the 
mixing board, with its spout overhanging this 
platform, and a movable chute was adjusted so 
that the concrete could be run into either bucket. 
When a bucket was filled the chute would be 
thrown over, the bucket would be hoisted 
encugh to swing clear of the platform, lowered 
into the shaft and dumped. It was thus possible, 
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Fig. 1. General Layout of Concrete Plant for Lining 
Elliptical Shaft. 


crete it only for 45 ft. to cut off surface waters. 
At the peint where it was decided to start the 
lining, bearing timbars were placed, and a 
foundation ring cut ints the rock. A platform 
was built upon these timbers to support the first 
set of forms. The concr2te was brought up in 
5-ft. sections, the methol being similar ‘to that 
used in the hoist shaft, which is described belovy. 
The plans required the lining to have a thick- 
ness of 1 ft. This concrete was hand mixed. 
When the surface of the bed rock was reachad, 
the overflowing water was led to a point at one 
sije of the shaft, where a small dam was built. 
A pipe was then placed from this dam so as to 
lend the water through the inner concrete form 
to the interior of the shaft. The concrete was 
tamped around the pipe, and, after it had set suffi- 
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Fig. 2. Movable Form for Concrete Lining for Ellip- 
tical Shaft. 


by filling one bucket while the other was being 
emptied, to run the mixer continuously. 

The sump lining and the arch bench walls for a 
distance of 10 ft. back ‘rom the shaft at each 
opening were completed before the arch centers 
were set. For filling the arches a platform was 
set about level with their crown. A horizontal 
elliptical ring of the shape of the cross section 
of the shaft was set to correspond with the shaft 
lines 2 ft. above the crown of the side arches. 
Vertical lagging was run from this to the arch 
centers all around and the concrete thus brought 
to a level. The placing of all this concrete was 
continuous, making the lining of the shaft bottom 
monolithic. 

The forms for the vertical lining were built in 
5-ft. rings, each having eight sections. These 
were constructed of 2 in. x 6 in. vertical lagging, 


nailed to segments or frames at the to; 
tom. The bottom frame cf each te 
fastened to the upper frame of the se:: 7 
by two 1%-in. oak dowel pins. The ¢ 
sections were held together by cleats na 
joints, and by 6 in. x 6 in. braces bo); 
under side of the upper frames. Spac: 
were left between sections at the sid. 
joints to facilitate the removal! of the fo; 
cracks thus left were covered with Strips 
ing paper. 

Lining was carried on in two sh; 
placing a ring of forms and the other 
with concrete. A platform was laid on 
of braces for dumping the concrete. As ; 
form was level with the top of the ring 
the concrete was not laborious. Little 1 
was needed, as the concrete_was mixed 
smooth surface was obtained by workin 
narrow spade up and down against the ; 

The cast-iron boxes for the buntons w: 
in holes cut through the forms, and » 
and held in place by temporary buntons ; 
boards. 

The arches at the upper seam were put |: 
larly to those at the lower. The shaft 
below the upper seam were then taken o») 
used one by one above it. Only ten rings 
were made, and these served for lining the 
shaft. When these ten were all in place 
above the upper seam, the lower rings wer: re- 
moved one at a time and used for a third tin 

The form shift consisted of an engineer, head. 
man, two carpenters, and two helpers, the |): te, 
working either inside or out, as might be re- 
quired. To set a ring took, on an average, nine 
hours. The time required to take a ring out from 
below and re-set it was about the same as that 
required to set a new ring lowered from above. 

The concrete shift consisted of an engineer. 
headman, about twelve laborers for the mixer anj 
five men in the hole, placing and ramming the 
concrete. To fill an average ring, containing 3) 
cu. yds., took ten_hours. 

The finished lining is generally smooth and 
watertight, and is a satisfactory job. This work 
has shown that the most important points which 
must be observed to make a concrete shaft lining 
a success are: The forms must be rigid, smooth 
and practically watertight. They must be built 
in sections small enough to be readily handled and 
strong enough to stand rough handling. The 
cast-iron bunton pockets should be either omittei 
or modified so that it would not be necessary to 
cut holes through the forms. 

The concrete should be placed wet, and faced 
by working a perforated shovel or similar in- 
strument next the forms. 

Springs delivering any considerable volume of 
water should be drained to the shaft by a pipe 
through the concrete. These pipes, if plugged at 
all, should not be plugged until the concrete has 
set hard. 


Cost of Concrete Shaft Lining for Hoist Shaft, 5.9 cu. yds 
Concrete per ft. of Depth. 


Per ft. Pe 
of depth eu. yd 
Labor {Pracing 3.40 } 9.42 5851 
Firemen and pumpmen...2.19 } .37 ) 
Lumber, $13 per M........1.83 31 ) 
Forms Making, $21 “ “.... 50 § 1.152 
Platform for starting upper section.... -92 ¢ 
3.03 ! 
$51.62 $8.7 


The shafts were designed by Howard N. Eaver- 
son, Chief Engineer, U. S. Coal & Coke Co. The 
Dravo Contracting Co. of Pittsburgh, Pa., had th» 
contract for the sinking and lining, and the wri'© 
was superintendent on the work. 

OVER-SPRINKLING ASPHALT STREETS in Nev 
York has aroused the Society for the Prevention 
Cruelty to Animals, but that organization can find « 
municipal executive department that will admit respo: 
sibility or power to control the private sprinkling © 
sociation that has a monopoly of street sprinkling 
Manhattan. 
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Twenty years ago the Croton Aqueduct tunnel 
was under construction and was furnishing a 
great object lesson of the rapidity and cheapness 
with which rock tunnels could be driven by mod- 
ern machinery and high explosives. It was this 
work that led to a prediction by a prominent con- 
tractor, which was published in Engineering News 
and which some among our older readers may 
perhaps recall. The man in question was quotei 
as saying that the building of the Croton Aque- 
duct tunnel meant more to New York City than 
merely a new conduit for the water supply. “Now 
that it is known how rapidly and cheaply under- 
ground tunnels can be driven,” said he, “men 
will start tunnels’in the region above New York 
City and will drive them southward underneath 
the whole lehgth of Manhattan Island. Through 
these tunnels fast express trains will be run, car- 
rying passengers from points in the country di- 
rectly to their destination in the city.’”” This 
was the gist of the _ prediction—we quote 
from memory only, the article itself having 
eluded our seareceh—and it has been remarkably 
fulfilled. A multitude of projects for tunnel pas- 
senger transportation beneath New York did 
spring up, in the years following the Croton Aque- 
duct completion, and out of them all there finally 
emerged a project for such a line to be buiit anid 
controlled by the City of New York itself. Year 
after year that project was agitated; again and 
again it met with defeat. For a dozen years ac- 
tive hostility, public indifference and the skepti- 
cism of engineers, contractors and capitalists 
were sufficient to defeat the enterprise, and not 
until the year 1900 was actual work upon it 
launched. Its final completicn and opening to 
public traffic on Thursday last, Oct. 27, marks 
the beginning of the fulfilment of that prediction 
which we quoted- above. 


As our older readers can testify, Engineering 
News has been a strong friend and advocate of 
the New York Rapid Transit enterprise from its 
earliest inception. We defended it at a time when 


its friends were few, when none could be found 
brave enough to risk investment in it, and when 
other engineering journals thought it dignified to 
criticize it or at best withhold their approval. 
From start to finish we have maintained that the 
project was a wise one; that it was an absolute 
necessity to the welfare of the city and its busi- 
ness prosperity; that it was based on sound en- 
gineering principles and practice, and that it 
would amply justify the investment of capital by 
the city and by private investors. At the present 
time one must search far to find one who doubts 
these things, but it was not always so. 


> 


In the simple and dignified ceremonies which 
marked the opening of the line to traffic on Thurs- 
day last, very proper recognition was given to 
the engineers and contractors who have built the 
tunnel, as represented by Mr. Wm. Barclay Par- 
sons on the one hand and Mr. John B. McDonali 
on the othef. It is, we believe, not too much to 
say that had either of these men not done what 
they have done, New York might not have a Rapid 
Transit railroad to-day. Mr. Parsons has given 
to the enterprise more than an engineer always or 
ordinarily gives ta a project whose technical re- 
sponsibilities he carries. He has been its strong 
defender at every turn, as loyal to it in its dark- 
est days, when its friends were fewest as when 
success was finally accomplished. Had its engi- 
neering details in its many seasons of stress been 
less skilfully and conservatively planned, less 
sedulously guarded at every point, less ably repre- 
sented before courts and commissions, it is quite 
possible that the enterprise might at some time 
have actually received the death blow which often 
seemed perilously near. 

As for Mr. McDonald, he risked his fortune and 
business reputation in bidding for the contract, 
and he was in all probability the one contractor 
who could have secured the necessary financial 
backing to make his bid effective. His ex- 
perience in driving the B. & O. tunnel un- 
der the streets of Baltimore had given him the 
confidence in his own ability to carry the work to 
success, and enabled him also to secure the con- 
fidence and effective backing of capitalists, where 
any other contractor, lacking the experience in 
that class of work and the prestige from success 
achieved in it, might very likely have failed. 


> 


It is true, as we said at the outset, that the 
successful work on the Croton and other tunnels 
of the early 'S80’s gave the initial impetus to the 
projects for underground passenger transit in 
New York City; but the Rapid Transit road of to- 
day owes its success as much to another develop- 
ment of the ’80’s as to the advance in the art of 
tunneling. The electric light and the electric 
railway motor are an essential part of the pres- 
ent Rapid Transit road, and had their develop- 
ment been postponed, it is very doubtful whether 
the underground system of rapid transit now pos- 
sessed. by New York and half a dozen other great 
cities of the world would be in existence at the 
present time. The early projects for rapid 
transit underground railways were generally in- 
definite as to the motive power to be employed, 
but cables and compressed air had each strong 
advocates; for it was not generally appreciated, 
even by engineers, a dozen years ago how greatly 
superior to either of these the electric motor was 
to become. From this point of view the epoch 
making work of Mr. Frank Sprague in applying 
electricity to the street railways of Richmond, 
Va., in 1887, is quite as much to be considered a 
forerunner of the subway as was the building of 
the Croton Aqueduct tunnel a year or two earlier. 


At the meeting of the Iron & Steel Institute of 
Great Britain, held in New York last week, vari- 
ous highly scientific papers were presented by 
learned savants together with one or two other 
papers discussing matters of a practical nature; 
but the paper which in human interest far sur- 
passed all others, was a description of the method 
of iron production practiced by a community of 
uncivilized natives on the West Coast of Africa. 
We print the paper on another page of this issue, 
Its author, Mr. C. V. Bellamy, is a Member of the 
Institution of Civil Engineers, and holds the office 


of Director of Public Works for the Colony of 
Lagos. The story which he tells is one of sur- 
passing interest. 

It appears that this community of native Afri- 
cans has been practicing the art of iron smelting 
for unknown generations. The community con- 
sists of the inhabitants of a small village, num- 
bering barely a hundred, and so far as these 
people know, they are the only people in that part 
of West Africa, or for that matter, in the world, 
who possess a knowledge of the art. 

The question which at once arises is how the 
industry originated among this primitive tribe. 
Was it a discovery of some remarkable genius 
among them; or was it taught to them long ago 
by some wanderer from more civilized lands? All 
the probabilities would seem to be in favor of the 
latter supposition, for the art of smelting iron 
from its ore involves such difficulties that it has 
rarely originated among any people until they 
became considerably advanced in civilization. 

It is conceivable, indeed, that some chance use 
of bog iron ore as material to surround an open 
fire might result in partial smelting of the metal; 
and that from this discovery some genius might 
develop a practical procese of ore reduction. This 
has been, doubtless, the manner in which iron 
smelting originated everywhere. And it is of 
course possible that it may have been developed 
here in like manner. On the other hand it must be 
remembered that Lagos is in equatorial Afriea, 
in a climate where fire is very little used, and the 
accidental production of iron would be less prob- 
able. Even if produced among uncivilized and 
superstitious people, it would be far more apt to 
be ascribed to some supernatural influence than 
seized upon as a discovery of practical value. 
Among peoples far higher in the scale of civiliza- 
tion and far more advanced in the use of tools, 
the process of iron production was only brought 
into being by a slow process of evolution, 

The more probable supposition, to our minds, is 
that some European, sold into slavery, cast away 
in shipwreck or perhaps a voluntary wanderer in 
the unknown wastes of equatorial Avrica, under- 
took to teach to a tribe of natives the art of iron 
production as then practiced. This may have 
occurred very likely hundreds of years ago, and 
the art have been passed down from generation to 
feneration till the present day. Possibly the 
date of its introduction lies © still farther 
back and it may have been some metallurgist 
from ancient Egypt or Morocco, who carried the 
knowledge of iron working to these dwellers on 
the Gulf of Guinea. That the date of introduc- 
tion lies far back seems probable in view of the 
fact that these people themselves have no knowl- 
edge as to how their forefathers first learned the 
art. If the introduction had been in recent times 
their traditions would doubtless record it. 

Aithough it seems probuble that these people 
did not originate the art which they now practice 
it is still a wonderful fact that they have pre- 
served it and maintained the industry for a period 
longer than their traditions tell. 

When one considers the vicissitudes through 
which the inhabitants of equatorial Africa have 
passed in the last two centuries—the internal war- 
fare, the raids of slave hunting parties, the rav- 
ages of pestilence—it is indeed a wonder that this 
little community should so long have been ieft 
unmolested to pursue its industry, passing’ down 
the requisite skill and knowledge from one gen- 
eration to the next. 

The wonder is, too, that the industry has not 
perished at some stage through ignorance. When 
one considers what the civilized man has as aids 
to his work that these simple children of the 
forest have not—books which record all progress 
of the past, tools of every sort, education, organ- 
ization commerce, knowledge of physics, mathe- 
matics, chemistry—one is filled with admiration 
for the ability displayed and the'excellent results 
obtained by these primitive Africans. 


> 


For a year or more past, purchasers of Portland 
cement have been reaping the benefit of the enor- 
mous expansion in the productive capacity of 
American Portland cement mills which has taken 
place in recent years. The cement mills havye 


been able to produce more cement than the mar- 
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ket demanded, they accumulated as large 
stocks as their storage facilities would permit, 
and some of them had to suspend operations. 
Meanwhile, the consumption of cement has been 
steadily increasing. The applications of cement 
in the production of reinforced concrete struc- 
tures, concrete blocks and a multitude of other 
fields are extending all the time. For some months 
past the accumulated stocks of cement have been 
drawn upon and in many cases they have been re- 
duced to very small proportions. Prices for ce- 
ment have already risen 5 to 10 cts. per barrel, 
and a farther rise appears probable. The outlook 
is for a busy year for cement manufacturers, and 
a period when purchasers of cement will have to 
“be alert to secure the shipments of the material 
which they order, while engineers will have to 
be on the watch against cement shipped so soon 
after manufacture as to be in danger of proving 
unsound in the work. 

That prices will be permanently resto-ed to the 
level prevailing a few years ago, howe er, does 
not appear at all probable. The great producers 


of Portland cement are working at so low a cost’ 


that there is a good profit for them even when 
the selling price is at a point which would a few 
years ago have been deemed extraordinarily low. 
If the demand for cement warrants it, there are a 
number of large producers who are ready to en- 
large their plants. As the ordinary unit for a ce- 
ment plant is now a thousand barrels a day, ad- 
ditions of such units to only a few plants means 
an enormous increase in the total productive ca- 
pacity of the country. 


LIVE LOADS ON FLOORS. 


Two weeks ago Mr. C. C. Schneider presented 
before the American Society of Civil Engineers a 
general specification for structural steelwork of 
city buildings, together with a brief discussion of 
his points of dissent from general practice. Among 
the novel features of this specification is the scale 
of live loads for floors which the author recom- 
mends. He asserts that any floor construction 
should be proportioned for two alternative con- 
tingencies: (a) the highest probable distributed 
load, and (b) the highest probable concentrated 
load, at any or a specified point. This second 
loading in practice may be of two kinds: either 
a point-load or a line-load, that is to say, either 
a single concentrated load at any point or a load 
concentrated on a narrow strip covering the gir- 
ders or primary floorbeams. The scale of loads 
recommended is as follows: 


loads deserves approbation because it specifies, 
almost for the first time, that floors must be de- 
signed to stand a suitable concentrated loading as 
well as a distributed load. It will have done its 
duty if it leads to the recognition of concentrated 
loads in those specifications which, above all 
others, should prescribe carefully-chosen loadings 
for designing buildings—public building laws. 

While agreeing with Mr. Schneider in the prin- 
ciple of recognizing concentrated as well as dis- 
tributed loads in building calculations, we cannot 
agree with him in the actual loads which he speci- 
fies. His distributed loadings for floors are far 
bclow those which may occur, and are therefore 
tco low, in our opinion, as designed loadings. This 
criticism applies solely to’ Classes 1 to 8 in the 
above-quoted table, that is, to those cases where 
the structure is exposed to a distributed loading 
due to people massing upon it, rather than to 
loads resulting from stored nfaterial. In the lat- 
ter case, of course, the loading to be used in the 
design depends upon the conditions of the indi- 
vidual case, and for the same kind of building it 
may be necessary, in the building law of a given 
city, to specify a higher loading than is used in 
some other locality. But crowds of people do not 
vary in their characteristics from place to place, 
and they are much alike when they invade a 
dwelling or an office and when they-crowd a po- 
litical meeting hall. It is possible to set down a 
loading which will apply to all cases, making per- 
haps a percentage addition for cases where the 
crowds are apt to be very lively or to move in 
unison—meeting halls, armories or ball-rooms. On 
this account, also, it is possible to criticize Mr. 
Schneider’s scale of distributed loads, without ref- 
erence to any particulr case. 

No argument is required to support the state- 
ment that in designing structures we should plan 
for the most unfavorable conditions of loading 
which can be foreseen. This practice is almost 
universal in structural designing; indeed, an eva- 
sion of it is at once stigmatized as an effort to 
“skin” .the design, to secure business by jeopard- 
izing the security of the structure. If this prin- 
ciple governs the planning of structures which 
must support mere dead material, structures 
whose failure would likely not involve injury to 
persons, how much more stringently should it 
control the design of a structure where the ex- 
treme conditions of loading are precisely those 
which would lead to the greatest loss of life! A cer- 
tain floor, for example, may have smaller chances 
of experiencing the load of a maximum crowd of 


people than has a coal-bunker of experiencing its 


—-——-Alternative Live Loads, in Pounds, 
Distributed Concentrated Load per lin. 


Load. Load. ft. of girder. 
1. Dwellings, hotels apartment 40 2,000 500 
3. Assembly-rooms with fixed seats, like theatres, churches, schools, etc.. 40 5,000 1,000 
4. Assembly-rooms without fixed seats, like ballrooms, gymnasia, ar- 
GB. and ri) 5,000 1,000 
6. Ordinary stores and light manufacturing. 40 8,000 1,000 
7. Sidewalks in front of buildings....... 100 10,000 
Warehouses GO 6 000 from 120 up. Special Special 
9. Charging floors for TOUMETICS. from 300 up, Special Special 
10, Power-houses for uncovered floors from 200 up. The actual weights of en- 


gines, boilers, stacks, etc., 
shall be used, but in no case 
less than 200 Ibs. per sq. ft. 


It is a fact that the loads to which floors are 
actually subjected should, from the designer's 
point of view, be thus classified as distributed and 
concentrated loads. The relations between their 
respective effects vary with the area of floor sup- 
ported and the span. While it is possible, with 
given concentrated loads, to select a distributed 
loading which will equal or exceed the maximum 
effects of the concentrated loads, yet in any other 
case, where area and span are different, or even 
in another part of the same floor-panel, this 
equivalent distributed load would have to dif- 
ferently chosen. Such a procedure is more irra- 
tional, confusing, and wasteful of time than the 
double calculation for both classes of loading. In 
bridge work, and, indeed, in all structural steel 
work involving mainly live-loads, it has long since 
become universal custom to compute separately 
the effects of the various possible kinds of loading 
and sum their most severe effects in a given mem- 
ber as the basis for proportioning the member. 
The same practice should find its way into build- 
ing work generally. Mr. Schneider's scale of live- 


most unfavorable loading, but in the former case 
a collapse is far more disastrous, and safety there- 
fore should engage the greater consideration. 

Some careful experiments on the maximum 
weight of crowds of people were reported by Prof. 
L. J. Johnson in Engineering News of April 14, 
1904. These gave weights up to 157 Ibs. per sq. 
ft., with the suggestion that a weight of 160 Ibs. 
might be reached in an absolutely compacted sta- 
tionary crowd. To amplify the evidence on the 
subject, we have abstracted from a German con- 
temporary the report of similar tests made in 
Germany, and reprint the abstract in this issue. 
The German tests showed weights up to 145 Ibs. 
per sq. ft., with a degree of crowding that still 
allowed motion within the mass. Few people 
have not experienced a degree of crowding where 
the interior of the mass was compacted to abso- 
lute standstill. And judging by the German as 
well as the American experiments, this may give 
a loading exceeding 150 Ibs. per sq. ft. 

On what grounds, then, are we justified in 
uring a loading of 40 Ibs. per sq. ft., such as Mr. 


Schneider prescribes for dwellings, hote!< 
ment houses, office buildings, theaters, 
schools, stores, and light manufacturing .. 
ments? That dense crowding dogs occur 
no means as an exceptional occurrence 
case of theaters, churches, and the like, is 
to all, That it may occur in hotels, in 4) 
houses, and even in private dwellings, is 
evident, though it is recognized as being | 
quent and for a given case less probable. 
not accustomed to designing for average , 
able loads; on the contrary, we cannot 
conscience plan for anything less than th 
est loading which the conditions of the cas 
possible. It would be curious engineerin. 
we to design the framework of an ap: 
house on the basis of average loading, or 
to neglect the higher loading that woul 
only once in a year, or once in five ye 
once in ten years. Do we build apartment } 
to fail once in ten years? 

The author's expressed argument for thi- 
of loads is brief and unsatisfactory, and ne 
be gone into at present; it is based on a < 
statement covering a few chance observ. 
which are mere negative testimony in the ,; 
ent discussion. But if we inquire what er. 
may have led the author to be satisfied wit 
ultra-low loadings, we may find two explanat 
first, he assumed that the distributed load is o; - 
tle importance since ordinarily the concentr :} 
loads would predeminate in effect, or secon). je 
relied upon the mysterious margin of the fact: of 
safety. These reasons need no lengthy discus 
here to controvert them, but may be left to sini 
on their merits. For our part, if, as a matter «¢ 
approximating actual conditions, we are to 
sify loads as distributed and concentrated, > 
should wish to select the design load in each cl] iss 
as near as possible to actual maximum. Ani if 
we use a given factor of safety in a design, to 
cover unknown and largely unknowable dane rs 
from variations in assumed conditions, we shou! 
preferably not’encroach upon that margin by a 
neglect of known dangers. It is to be borne 
in mind that the actual possible loading of 150 lbs. 
per sq. ft. is nearly four times as great as Mr. 
Schneider's specification of 40 Ibs. 


THE SUPPRESSION OF TYPHOID FEVER AT ITS SOURCE. 


The fight against typhoid fever has been well 
begun in the United States through the efforts al- 
ready made or in progress to improve the quality 
of public water supplies by filtration and other 
means. The next step should be to attack the 
danger at its source. In other words, vigorous 
measures should be taken to suppress or render 
innocuous the rural privies which now menace the 
water and milk supplies, and to a lesser extent 
some of the other food supplies of the country. 
Speaking of this subject primarily with reference 
to New York City, the “Medical Record” (New 
York) of Oct. 15, says: j 


New York City is passing through its annual visitat/on 
of typhoid fever in rather more aggravated form than 
usual this autumn. The large morbidity and morta! ty 
figures for typhoid fever presented in the weekly report of 
the health department have served to direct public atten- 
tion to the prevalence of the disease, but except that the 
figures are a little larger than weual, there is nothing 
peculiar in the present autumnal epidemic. We have it 
every year—this ‘‘vacation typhoid,’’ and it is the penalty 
we pay for our foolish trust in ‘the old oaken bucket” 
We go to the woods and the mountains asking for hea!th 
and we get disease. This is the chief source of our ty- 
phoid fever, the importation of the bacillus in the bo es 
of its victims, but there is doubtless some brought in w th 
milk and salads. In whatever way it comes, however. it 
comes from the country, and is never city bred. This = 25 
true of every city as it is of New York, hence if we would 
do away with typhoid fever we must initiate the work of 
sanitation in the country. The filtration of the witer 
supply is an excellent safeguard, and expensive as '|' 
it would well repay every city to install a filtration pot: 
the boiling of water will undoubtedly kill all the conts ‘ed 
microbes—the good with the bad unfortunately—but if )'s 
method is to be effectual all the water, that for ba‘) 1g 
and dishwashing as well as for drinking, must be tre 
but when all this has been done our salads and © ''r 
vegetables eaten raw may carry infection, and milk © "5 
and bottles may be washed in infected water or the c 


may be diluted with it. We are then at the mercy ©' ‘le 
country, and we must demand of the country a san 'y 
reform. 


The “Medical Record” then refers approvi) 
to a paper by Dr. Wm. C. Daggett, of New Hav". 
Conn., read in May, 1904, before the Connect 't 
Medical Society, and since printed for circuls 
by the Connecticut State Board of Health ()'v 
Haven, Conn.). Dr. Dasgett insists upon “the rire! 
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in of urban typhoid fever,” which is in the 
try privy, the location and construction of which are, 
often than not, faulty, and which is in consequence 
ential focus of an epidemic of typhoid fever, either 
ne immediate neighborhood, or, more probably, in 
- distant town the water supply of which is drawn 
the water shed which this privy pollutes. : 
s a safeguard, Dr. Daggett suggests a perma- 
t board of State sanitary inspectors, each 
ber to be a competent civil engineer. The 
4 would locate privy vaults in reference to 
‘ie water supplies, would have power to con- 
n and relocate wells, and would make sugges- 
< as to the prevention of the breeding of flies 
| the dissemination by those insects of the ty- 
oid and other dangerous intestinal bacteria. 
cyen if it should prove impracticable to con- 
t the fight against typhoid fever on so compre- 
sive a plan as Dr. Daggett suggests, as for 
rs to come it doubtless will be in many of the 
tes of the Union, there is no reason why work 
the same general character should not proceed 

m many local centers. Every progressive wa- 

» board and water company, backed by the cor- 

sponding local board of health should enter 
ipon a campaign of protection of its sources of 
\ater supply, and every local board of health 
should conduct a no less vigorous campaign for 
the protection of its milk supply. If every house 
privy whieh might be the means-of contaminating 
either a public water or milk supply were put be- 
yond any such possibility, the effect upcn the 
typhoid fever mortality of our cities and villages 
would be marvelous. At the same time the num- 
ber of privies dangerous to the rural population 
and also to city visitors in rural districts would be 
greatly decreased. 

Another preventive measure in the interest of 
urban populations would be to require a State 
license for all householders who take summer 
boarders. Such licenses might be issued by state 
boards of health, acting, in some cases, through 
local or semi-local agents. 

We cannot close without calling attention to 
the fact that none of the suggestions thus far 
made go clear to the root of the evil. There can 
be no safety until physicians, nurses and house- 
holders cooperate in the proper handling of ty 
phoid patients, their bed and other clothirg and 
their dejecta. Nurses, whether members of the 
family or otherwise, must not, when it can be 
avoided, attend to patients and at the same time 
cook and do other work for the family at large. 
Clothing and bedding used by typhoid patients 
must be destroyed or disinfected. Dejecta must 
also be disinfected, even where houses are con- 
nected with the sewers. And the disinfection 
must not be of the sham kind so common even 
now on the part of supposedly intelligent an‘ cer. 
tainly well-meaning doctors and nurses. Obvi- 
ously the safeguards just indicated cannot be 
established under private initiative among the 
poor and ignorant classes of the population. For 
them, much of the work and cost will fall unon 
local or State health departments. It should be 
noted that this partioular line of work is essential 
in city as well as country. For its perform7nce 
some patients will have to be cared for at public 
expense in their homes and others in hosritals. 
Hundreds of dollars are spent in communities 
small and large for each single case of smallpox, 
and yet the disease is far less dangerous than 
and claims few victims compared with typhoid 
fever. With intelligent effort we may yet reduce 
typhoid fever to as low a yearly total mortali'y as 
smallpox, but a vast amount of both rural and 
urban sanitary reform must be effected before so 
happy a result is attained. 


LETTERS TO THE EDITOR. 


Low’s Formula for Masonry Arches. 


Sir: I have used Mr. Em‘le Low's formula for thick- 
ness of stone arch keystones for several years wth sat- 
isfaction, and I wish to say a word in its favor in the 
discussion now going on in your columns. 

The dag-am given by Prof. Cain in your issue of Oct. 
20, 194, shows that Low's formula calls for less th'ck- 
ne-s of key than any other formula quoted, unless ft be 
Trautwine’s. This may lead some to distrust it; but the 
table given by Low in your issue of Sept. 15 shows that 
many important arches have a less thickness than his rule 
calls for. 


Prof. Cain speaks of stone of ‘‘medium resistance not so 


hard as granite.’’ He states also that h's curve is for 
railroad bridges. The line representing Low's formula 
is for H = O, that is zero surcharge at center. Now in 
figurirg arches to carry railroad tracks my practice is to 
add about 15 ft. to the actual surcharge to allow for 
weight cf train. I understand also that Low’s formu'a 
appl'es to granite with joints filled with Portland cement 
mortar. 

When us'ng uncut stone with wide joints in the back 
filled with rubble work I allow only 75 to 80% of full 
value for such filling. For stone of ‘‘medium resistance” 
similar allowance should be made. If corrections are 
made for these features the line representing Low's for- 
mula will be brought up among the rest shown, but it will 
rot then be so high as Cain's. 

Ordinary arch bridges do not depend wholly on the 
ring for stab lity. The spandrel filling is good masonry 
and can be counteid upon to resist dstortion with the 
ring although the bond is generally not all that it 
should be. 

I think it a mistake to build an arch ring deep enough 
eo that the line of centers of pressure will keep eve y- 
where wiih n the middle third, if spandrel filling of the 
ord pary chara‘ter is to be built. 

A uniform depth of arch ring is more economical than 
cne that varies, and if we have a depth that is ample for 
the pressure at the crown the requiste additional thick- 
ness towards the spring line can best be made by the 


spandrel filling. Yours truly, 
J. P. Snow, 
Bo ton, Mase., Oct. 25, 1904. 


Sir: Referring to Professor Cain’s communication in 
your issue of Oct. 20, 1904, criticizing my formula 


1 
{d = no Vv 10 (S — R) + 2 H] for the depth of arch ring 


at the crown for masonry arches, he fears that the for- 
mu'a dees not give sufficient depth for a railroad bridge, 
earrying the enormous locomotives and train loads of to- 
day, and that even the excess've depths derived from his 
theoretical investigations should undoubtedly be increased 
in certein cases. 

In or*e* to show how unfounied h's fears are, I would 
respectfully call attention to the double 14f-ft. span 
stone arch br'dge carrying the Fitchburg Railroad over 
the Ccnnect’cut River at Bellows Falls, Vt. This brdge 
is fully @escribed and illustrated on page 402 of the June 
21, 1900, number of Engineering News. It consists of 
two arches, each of 140 ft. span and 20 ft. rise, or 
Rie + Span = 1 — 7. Each arch ring contains 72 
courses, 4 ft. thick. The span of these arches is certain- 
ly the longest of any stone maconry ra'lroad bridge in 
the United States, and that it carries as heavy a load as 
any cannot be gainsaid. My formula, with surchage 
H = O, gives a crown depth of 4.33 ft., or .33 ft. more 
than the actual depth of ring stone of the bridge in 
question. Respectfully, 

Emile. Low, M. Am. Soc. C. E. 

Utica, N. Y., 33 Mann Bldg., Oct. 29, 1904. 


Outlining Title Lettering by Means of Type and Pinish- 
ing the Letters in the Ordinary Way. 


Sir: In casting about for some rapid way of lettering 
titles on drawings, I noticed a recommendation, in your 
columns of a year or more ago, to print the titles on the 
drawings with suitable type in a regular job press. 

While this would seem to be good practice in thore large 
offices where an immense number of drawings and trac- 
ings is turned out, it would hardly be justifiable in smaller 
offices where the bulk of work would be too small to 
justify the outlay, and yet is large enough to be an an- 
noying source of expense. 

In this connection, aiplan has been experimented with 
by the writer which may possibly prove of interest to 
those of your readers who have experienced the same 
troubles. The writer provided himself with several sizes 
of rubber type; not the regular ‘“‘stamping outfits” of 
interchangeable type. but those sets now so common for 
printing notices, known as “‘rubber printers.’”” A grooved 
straight edge is provided as a guide to alinement of the 
letters, and a smalt+ wooden gage slides along this groove 
to regulate the spacing. 

The type are blocks of wood with the letters cast in rub- 
ber on the printing face, and with a suitable handle, on 
which each letter is labeled, to prevent mistake. The 
letters are printed, one by one, by a slight pressure of the 
hand, the gage being slid along the guide a proper dis- 
tance each time. 

The ink furnished with such outfits is in no way suit- 
able for the formation of perfect letters: that is, letters 
which will be of uniform blackness over their entire sur- 
face, and clear cut around the edges. For this reason no 
effort is made to print them in ‘‘full ink,’’ but just enough 
ink is used to give a faint but sufficiently clear outline 
of tM letters. These are rapidly filled in by hand. The 
advanteges to be gained by this system are: 

(1) The great rapidity with which titles may be made 
up in alinement and position along the lines. 

(2) The ease and grace of some styles of letters now 
furnished, as opposed to the rigor of the “‘block letter,’’ 
and the difficulty which those unaccustomed to it experi- 
ence in reading it, 


Possibly an ink might be prepared which would enable 
the stamping to be done, complete, in one act. The filling 
in required in the present use of this system takes no more 
time than the filling in of black letters, while the stamp- 
ing takes probably not over One-fiftieth the time and effort 
required to design and form block letters. I am convinced 
that the work may be done with equal finish, 

Thus, with an outfit costing from two to three dollars, 
the engineer may get up attractive lettering at.a cost very 
small, both in time and effor s mM pare i 
regular system now in use ilk it 

Very truly yours, 
J. N. Ambler, City Engineer 

Salem, Va., Oct. 14, 1904. 


A Septic Tank Quandary. 

Sir: Can you or any of your readers enlighten me with 
regard to the following question: A ceptic tank designed 
to prov de for future increase in populet’on and in uve of 
the sewers is to be put in operation while the quantity 
of sewage reaching it is so sma!! Y 


as compared with its 
capacity that it will take several! days, or poss bly weeks, 
for it to fill to the level of the river over which the elu 
ent is to fow. Is it better in «uch a case to let the sew- 
age remain in the tank so much longer than it should to 
obta’n the be t re ults from the septic action, or ayould it 
be partly filled with water before admitting the sow; ge? 
Which is the greater evil, retest’on of the sewage for too 
long a period or excessive dilution? 
Yours truly, Frederick M. Thomas, 
Chef Engi-eer Sewer Commission. 

Skaneate’es, N. Y., Oct. 24, 1904. 

(A better plan than either, if practicable with- 
out too much expense, would be to divede the 
tank into two compartments. One si'’e could 
then be used until both are needed, and the secon] 
would always be of service when the tank re- 
quired cleaning. If the tank is already built, pos- 
sibly a temporary plank partition could be 
erected, so placed as to utilize only a small part 
of the width of the tank at the outset. Or, if the 
inlets and outlets permit, or can be temporarily 
adjusted, the temporary partition might be built 
across one end of the tank, thus economizing ma- 
terial and labor. 

Assuming, as our correspondent does, that the 
tank is to be used without division, some of the 
engineers, chemists and bacteriologists who have 
operated septic tanks might answer his question 
better than we. It may be said, however, that 
once the tank is filled, probably it would not m t- 
ter much, or at least long, whether it had been 
filled with sewage or with sewage and water. since 
each future day’s flow of sewage would remain in 
the tank far longer than is compatible with the 
best results from septie action. 

To our mind, the real problem is not fully 
stated, although the question as put is per"ectly 
fair. A full statement of the problem would in- 
clude: (1) Location of tank in relation to inh» b- 
ited areas, whether covered or epen, and wheter 
the sludge can be removed without drawing of 
the sewage. (2) Method of treatment, if any. of 
the septic tank effluent. (2) Character and vol- 
ume of the water into which the final effluent is 
discharged, nature of country throuch which th 
stream flows, and uses to which the water is put. 

It is conceivable that more of a nuisance might 
be created by using the septic tank wh'le th sow- 
age flow is very small than by letting it: flow 
away untreated. This might be the case whether 
or not the septic tank effluent was filtered. and 
would be quite likely in case it was upplied to a 
filter by means of sprinklers. If flter beds are to 
be vsed it might be feas'ble to rely upon them 
alone, until the volume of sewage increases, since 
the capacity of the filters, like that of the sentic 
tank, would at the outset be in excess of the sew- 
age flow, and might be ample to treat all the sew- 
age during the first few months after the sewer- 
age system is put in operation.—Ed.) 


Bids for a Bascule Bridge for the Chicago & Alton R. R. 


Sir: Referring to the Engineering News of Oct. 27, 
1904 (page 203, Cenetruct’on News Supplement). under the 
heading ‘‘Bridges,’’ Ch'cago, Ill., we note the following: 

Bids for bascule drawbridge on the joint track elevation 
work were received bv Chicago & Alton R. R. Co. as 
fo'lows: Scherzer Rolling Lift Bridge Co., $175,000; Page 
& Shnab'e (Page britge) $153,000; Roemheld & Gallery 
(Straves bridge), $134,000. 

This statement is not true, as far as the bid on the 
Scherzer bridge is concerned. The bid submitted on the 
Scherzer bridge was less than the lowest sum above 
mentioned and covered the Scherzer bridge complete ig 
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every detail. The figures, as published in Engineering 
News, are injurious to us and would do us much greater 
injury if not den‘'ed. They were evidently furnished with 
the intent to influence pending contracts; therefore we 
would respectfully ask that. you kindly give equal and 
early publicity to our statement. 
Yours very respectfully, 
The Scherzer Rolling Lift Bridge Co., 
By Theo. Kande'er, Consulting Engineer. 

1616 Monadnock Block, Chicago, Il., Oct. 29, 1904. 

(The above letter explains itseif, and it only re- 
mains for us to add that the figures were pub- 
lished by us in good faith, having been furnished 
from a source which we regarded as reliable, but 
which was evidently misinformed. It will, of 
course, be understood that we cannot undertake 
to personally verify the prices of the numerous 
bids which are sent in to us, although great care 
is exercised in regard to information of this kind. 
—Ed.) 


Notes and Queries. 

The inventor of the steel form for concrete sewer con- 
struction, described on p. 350 of our issue of Oct. 20, is 
Mr. Jacob B. Blaw, of Atlantic City,-N. J., and not Mr. 
Thos. A. Burrows as stated. 


In the article on the ditching dredge at Council Bluffs 
in our issue of Oct. 27 (p. 382) there were two typographi- 
eal errors: The height of the bo‘ler should be 9 ft. instead 
of 90 ft. (1st col., 3d line from bottom); the work being 
done in September should be 70 yds. per hour instead of 
per day (3d col., 7th line from bottom). 


By a slip of the pen, ‘‘Hanover College’ was written for 
Dartmouth College in the article on the use of cupper 
sulphate in a reservoir at Hanover, N. H., in our issue of 
Oct. 27. 


EXPERIMENTS ON THE WEIGHT OF CROWDS. 


Some interesting matter on the floor loads 
which may be produced by crowds of people was 
given in Engineering News of April 14, 1904, by 
Professor L. J. Johnson, who made some careful 


experiments, and showed that the usual assump- 


tions as to maximum floor loads from crowds are 
quite erroneous. Stimulated by Professor Johnson's 
results, Mr. Hunscheidt, of Bonn, Germany, has 
recently made some quite similar tests, and reports 
them in the “Centralblatt der Bauverwaltung” 
of Oct. 8 These tests gave results which are in 
general quite confirmatory of Professor Johnson's 
conclusions; that is to say, the weight of crowds 
per square foot of floor area is much larger than 
designers generally assume; it may easily reach 
125 Ibs. per sq. ft. and at times, in very dense 
crowding, may be as high as 150 Ibs., or even 
higher. 

The German tests, briefly summarized, are as 
follows: 

Test 1. Test area, 5.4 ft. x 10.2 ft. Area, 55 
sq. ft. Loading, 40 firemen, age 25 to 45 years; 
average weight, 158 Ibs. These 40 men filled the 
test area so that they just touched each other 
without any crowding. Average head, 116 Ibs. per 
sq. ft. 

Test 2. Six firemen added to the 40 of the 
preceding test. Total, 46 men of 158 Ibs. average 
weight. Slight crowding, “about equivalent to 
that frequently observed on a crowded street- 
crossing, or in a crowd leaving an assembly hall 
or church.” Average load, 133 Ibs. per sq. ft. 

Test 3. Four men added to the 46 of the pre- 
ceding test. Total, 50 men of 158 Ibs. average 
weight. Dense crowding, “as in a large crowd in 
a narrow street, or on landing bridges, or at 
Christmas time in the entrance of a large store.” 
Average load, 144 Ibs. per sq. ft. 

Test 4. Test area, a light court enclosed by 
walls on three sides and closed off by a board on 
the fourth side. Dimensions, 4.9 x 5.25 ft. Area, 
25.8 sq. ft. Loading, 25 schoolboys; age, 14 to 18; 
average weight, 111 Ibs. Condition of crowding 
about as in Test 1. Average load, 108 Ibs. per 
on 

Test 5. Three boys added to the 25 of the pre- 
ceding test. Total, 28 persons of 111 Ibs. average 
weight. Test space fairly well filled. Average 
load, 120 Ibs. per sq. ft. 

Test 6. Two boys added to the preceding 28, 
making a total of 30 of average weight 111 Ibs. 
Dense crowding, about corresponding to the con- 
ditions of Test 3. Average load, 129 Ibs. per 
sq. ft. 

The average of the loadings found in the above 


tests was 126 Ibs. per sq. ft., the minimum 108 and 
the maximum 144 Ibs. per sq. ft. The high unit 
loading reached by Professor Johnson (157 Ibs. 
per sq. ft.) was not attained. But the above-cited 
tests 3 and 6 seem to represent crowds still per- 
mitting one to move through them, though with 
some effort. Professor Johnson pushed the crowd- 
ing to a point where the crowd was compacted 
enough to prevent an individual within from mov- 
ing through it. This probably explains the dif- 
ference in results. 

Mr. Hunscheidt considers his tests to prove 
that the loading of 82 to 102 Ibs. per sq. ft. usually 
assumed in Germany in floor-design, and pre- 
scribed by the Ministry of Public Works for this 
purpose, is far too low to allow for conditions that 
may frequently occur. This figure should be raised 
to at least 123 to 133 Ibs. per sq. ft., he concludes; 
otherwise the assumed factor of safety may be 
encroached upon materially. 


REGULATIONS FOR THE UNIVERSAL WATER METER 
SYSTEM AT MERRIMAC, MASS. 


The universal water meter system has been in- 
troduced by Mr. Freeman C. Coffin, M. Am. Soc. 
Cc. E., as a part of several new water-works which 
have recently been built under his direction. This 
commendable practice demands careful financial 
planning to avoid heavy deficits in revenue during 
the early days of the works when the consumers 
are literally few and far between. At Merrimac, 
Mass., where the system was recently installed, 
the minimum yearly nieter rates are on a sliding 
scale corresponding, to a certain extent, with the 
number of fixtures in use. That is, a minimum 
charge of $6 a year, regardless of the quantity 
used, entitles the consumer to draw water at as 
many points as he chooses, except for water 
closets, bath tubs and hose. An additional charge 
of $5 entitles the consumer to as many water 
closets and urinals as he chooses to install. An- 
other charge ($4) gives the same privilege as to 
bath tubs, and still another ($5) as to hose, in- 
cluding with the latter “sprinklers, fountains and 
troughs.” 

The total of these charges is $20, which is the 
yearly minimum for “one family or consumer.” 
The proper minimum charge is payable quarterly 
in advance. At the close of each quarter the 
meters are read and if the registered quantity, at 
the established unit rate, is below the minimum 
charge already paid, no bills are rendered; if in 
excess, bills are rendered accordingly. s 

All water meters are bought, set and repaired 
by the water department, except that repairs 
made necessary by freezing or through the care- 
lessness of consumers must be paid for by the 
consumer. 

The universal meter rates at Merrimac are as 
follows: For a rate of consumption of 10,000 cu. 
ft. per year, 25 cts. per 100 cu. ft.; for more than 
10,000 and less than 20,000 cu. ft. annually, 20 
cts.; for more than 20,000 and less than 50,00) 
cu. ft., 15 ects. per 100 cu. ft. 

The town furnishes and lays service pipes from 
the street mains to or through the cellar walls 
and provides and sets stop and waste valves on 
the end of the services. The owners of premises 
are required to pay for the portion of the service 
beyond the street line and for the stop and waste 
valve, including both material and labor. 

It will be seen that the minimum charges at 
Merrimac are about the same as the ordinary fix- 
ture charges prevailing in many cities. In some 
instances, particularly under municipal ownership, 
the fixture charges are lower than the minimum 
meter charges at Merrimac, but as a partial offset 
the Merrimac charges permit an unlimited number 
of fixtures of each of the specified classes, while 
for $20 a year no limit is placed on the character 
or number of fixtures. 

Customers having no water closets, bath tubs or 
hose, and thus paying $6 a year, are entitled to 
2,400 cu. ft. per year at the minimum rate, or 
about 50 gallons a day per family. Going to the 
other extreme of the minimum yearly charge; a 
payment of $20 entitles a consumer to use 8,000 
cu. ft. per year, or 165 gallons a day per family. 

If the Merrimac schedule of meter and mini- 
mum yearly rates seem to bear heavily on the 
consumers, it should be remembered that Merrimac 


is a small place and that in the early days . 
new water-works system the rates, by wh 
method determined, must be relatively }; 
else fail to meet the capital charges and op 
expenses. 


A TRACK-LAYING RECORD of 9,320 ft. in one + 
been made on the San Pedro, Los Angeles & Salt |. 
This is a good record, but does not come up to th 
on the Canadian Pacific Ry. in 1882, when the aye; - 
six months was 2.47 miles per working day, the ; 
averages being from 1.47 to 3.22 miles per work: 
On the Minneapolis, St. Paul & Sault Ste. Maric R 
tension acress North Dakota in 1893, the average 
mites per day, while the regular force on one or : 
casions laid over 4 miles of track in 10 hours. 


THE LACKAWANNA TUNNEL R. R. CO. has be. 
corporated by President Truesdale and other off. 
the Delaware, Lackawanna & Western R. R. to }: 
railway tunnel underneath the Hudson River a: 
York City. While it is possible that the Lackaw 
may sometime decide to follow the example of the ). 
sylvania R. R. and establish a passenger termina 
Manhattan Island, actual construction of such a tery, 
and tunnel does not seem probable in the near f\; 
The Lackawanna probably intends merely to pr 
some other corporation from stepping in and preempt i; 
the right of way which it may possibly at some fui) 
date Cce.ire to use. 


SLATE AS A MATERIAL FOR FIRST conrT\ 
beds has been recommended by the S2wage commi'! 
of the town council of Devizes, England. The schen: 
the result of experimental work carried on at Devi 
for nine months by Mr. W. J. Dibdin, originator of 1). 
contact bedy bearing his name. The sewage at Devizes 
is described as unusually foul, containing liquid and 
solid refuse from tanneries, breweries and slaught« 
houses. Waste slate will be used, laid flatwise on slate 
blocks, thus providing a large percentage of air spa. 
Mr. Dibdin has taken out patents: for his Modification of 
contact beds, under the name of ‘multiple surface pa, 
teria beds’’ (British patent No. 16,851; 1903). 


A DISASTROUS COAL MINE EXPLOSION occurred at 
Tercio, Colo., on Oct. 28. Some fifty or sixty men were 
in the mine at the time; there is no likelihood that any 
of them will be found alive. The explosion was in Mine 
No. 3 of the Rocky Mountain Fuel & Iron Co. 


A GRAIN ELEVATOR COLLAPSED at Buffalo, N. y. 
on Oct. 30. It was known as the Ontario Elevator, and 
was of the old-style cribbed timber bin construction. The 
elevator contained nearly 400,000 bushels of barley at the 
time of the fall, and much of this grain went into the 
waters of an adjoining slip. The collapse is thought to 
be chargeable to weakening of the foundation-piling by 
dredging a nearby slip. 


> 


ANOTHER WRECK DUE TO WORLD'S FAIR TRAF- 
fic occurred on the Missouri Pacific Ry. at Tipton, Mo, on 
Oct. 30. A westbound passenger train, going from St. 
Louis to Kansas City, Mo., was running in two sectious: 
at Tipton Station the first section was taking on passen- 
gers when the second section ran into its rear. Three 
persons were killed, the two rear sleepers of the first 
~section being crushed. The engine-runner of the second 
section claims that a headlight in the yard made it im- 
possible for him to see the first section, and that his 
orders were for clear track. The coroner’s inquest re- 
sulted in a verdict blaming the flagman of the first sec- 
tion and the engine-runner of the second section for the 
accident. 


> 


THE PRODUCTION OF PORTLAND CEMENT in the 
United States during the year 1903, was 22,342,973 barrels, 
according to the report recently issued by the U. S. Geolog- 
ical Survey. There were also produced during the same 
time, 7,030,271 barrels of natural cement and 525,+‘)) 
barrels of slag cement, making a total production of 
29,899,140 barrels of hydraulic cement, valued at $3),- 
931,341. The report states that the increased production 
of Portland cement in 1903, resulted in a glutted marke', 
and a consequent fall in price. Altogether 19 states con- 
tributed to the Portland cement production of the year, 
but five of these contributed nearly 75% of the total, as 
shown by the following table: 


State No. Works. Barrel Per cent 
Pennsylvania 13 9,631,541 45.1 
NOW 3 2,693,381 12.1 
Michigan 13 1,955,183 8.7 


The total consumption of Portland cement in the United 
States in 1908 was 24,309,479 barrels, some 2,251,969 bar- 
rels being imported and 285,463 barrels being exported to 
make this net amount. At present, therefore, 91.9% ©! 
the total consumption is supplies by American factories. 
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